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The White Pine Fork Mo porphyry has an estimated resource of 16 Mt of Mo at 0.1% 
Mo. The host intrusions are K-feldspar- and quartz-porphyritic monzo- to syeno-granites 
characterised by LREE enrichment, fractionated HREEs and negative Nb, Ta, Sr and Ti 
anomalies, consistent with a subarc mantle melt source. The granites also have an adakitic 
geochemical signature. A U-Pb age for zircon from a clast in the mineralized breccia pipe at 
White Pine yielded an age of 26.52±0.42 Ma, which falls within the error of the White Pine 
intrusion age of 26.61±0.24 Ma. Re-Os ages for duplicate samples of the Mo-mineralised quartz 
breccia are 30.21±0.14 and 29.84±0.15 Ma, which correlate with the age of the Little 
Cottonwood stock rather than the host intrusion and may represent Re-Os inheritance. In 
contrast, Buckingham Mo (-Cu) porphyry has an estimated resource of 1,000 Mt of Mo at 0.1% 
Mo and is hosted in Cretaceous K-feldspar- and quartz-porphyritic granites. Four feldspar- and 
quartz-porphyritic granites in the area were dated using LA-ICP-MS U-Pb of zircon and yielded 
ages of 38.68±0.53, 39.28±0.58, 40.76±0.41, and 40.81±0.51 Ma and therefore unrelated to the 
Buckingham deposit, and instead are correlated with Tertiary magmatism associated with Au 
skarns in the nearby Battle Mountain district.  The Tertiary intrusions are feldspar- and quartz 
porphyritic granites. Primitive mantle-normalized geochemistry of both suites of intrusive rocks 
have LREE enrichment, fractionated HREE, negative Nb, Ta and Ti anomalies and a slight 
enrichment of Zr and Hf, consistent with a subarc mantle source for both suites.  
The most prominent alteration in both systems is phyllic alteration comprising an 
assemblage of white micas, quartz and pyrite. Potassic alteration was also observed at the White 
Pine Fork Mo breccia pipe and kaolinite and chlorite observed in SWIR data suggest advanced 





substantiated by the whole rock geochemistry. The potassic, phyllic, and possible advanced 
argillic alteration were mapped out by the absolute values of trace elements. The trace element 
geochemistry of quartz and pyrite can be used to fingerprint deposit types and as vectors towards 
mineralisation in alteration systems around ore deposits. At White Pine Fork, the hydrothermal 
quartz is characterised by higher Ti and As than the igneous quartz. The Li content of 
hydrothermal quartz is greater near the centre of the White Pine Fork deposit than in its margins. 
At Buckingham, quartz in the breccia cement at the centre of the deposit shows the highest 
concentration of Al, Li, K, Ca, As, and Sb, and metals (i.e. Cu, Fe, Zn, and Pb), whereas the 
igneous and sedimentary quartz shows the highest Ti values. The high values indicate that the 
primary Ti contents were not subjected to recalibration during hydrothermal alteration. The Al 
and Sb contents of quartz decrease away from the centre of deposit at Buckingham. This trend 
was not observed at White Pine Fork. 
At White Pine Fork, pyrite occurs in a domain extending more than 1.5 km from the 
breccia pipe and is partially weathered to Fe-oxides and Fe-hydroxides. LA-ICP-MS analyses 
showed Ni and Co compositional zoning within the pyrite grains. The Ni content in the pyrite 
increases away from the centre of the White Pine Fork deposit. At Buckingham, the pyrite was 
almost completely altered to Fe-oxides and Fe-hydroxides in most of the surface samples studied 
here. The trace element concentrations of Au, Cu, and Cd in pyrite decreases away from the 
centre of deposit.  Ni, Co and Pb zonations were also seen in the cores of the pyrite grains at 
Buckingham. LA-ICP-MS element maps  in most of the surface samples studied here showed 
that the pyrite at Buckingham is depleted in trace elements relative to the weathering rinds which 
are enriched in Au, Ag, Cu, As, Sb and Mo. The increased Au concentration in the weathering 





style sediment hosted Au. This rind was then weathered during supergene alteration. Another 
possibility is that the cores of the sulphides acted as traps for the precipitation of precious metals 
from the hydrothermal event associated with the proximal Eocene granite intrusions which were 
subsequently concentrated in the weathering rind during supergene alteration. 
7KH FRPSDULVRQ WKH:KLWH 3LQH )RUN DQG %XFNLQJKDP0R SRUSK\ULHV KDV UHILQHG WKH









I would like to thank Dr. Peter Hollings for his incredible and continued support, 
mentorship, and guidance throughout this project as well as my undergraduate and graduate 
education and thesis. I would also like to thank Dr. David Cooke for his insight and help with the 
project and extending his welcome and his guidance for my analytical work done at the 
University of Tasmania. I would also like to show my gratitude for the Society of Economic 
Geologists Graduate Fellowship for helping to fund my studies and Freeport McMoran Copper 
& Gold Inc. for helping to fund the research at the Buckingham study site. As well, thank you to 
Anne Hammond and Kristi Tavener for preparing the thin sections and mounts used for 
petrography and detailed LA-ICP-MS studies. I could not have completed the field work without 
the help of Wesley Lueck, Ken Krahulec and Taylor Boden (Utah Geological Survey) and 
Robert Lee and Jeff Lulu (Freeport McMoRan Copper & Gold Inc.). As well, Mike Baker, 
Sandrin Feig, Karsten Goemann, Sarah Gilbert, and Jay Thompson were incredibly helpful in 
guiding me with my trace element geochemical analyses at the facilities of the University of 
Tasmania. This project would not have been possible without the continuous support of the 
Geology departments, faculties and students at Lakehead University and CODES at the 
University of Tasmania.  Lastly, I would like to give a special thank you to my friends and 
family for their support and patience throughout the past two years and to Nathan Steeves for his 







Table of Contents 
ABSTRACT ii 
ACKNOWLEDGMENTS iv 
Table of Contents v 
Figures and Tables ix 
Chapter 1: Introduction 1 
     1.1 Objectives of the study 1 
     1.2 Location 2 
     1.3 Porphyry deposits 4 
     1.4 Green rock vs. white rock environments 8 
Chapter 2: Regional geology of the Wasatch Mountain Range 9 
     2.1 The Cottonwood and Park City area geology 9 
          2.1.1 Oligocene and Eocene intrusive and extrusive rocks 11 
          2.1.2 Little Cottonwood stock and the White Pine intrusion 13 
     2.2 Structural history of the Cottonwood and Park City area 15 
     2.3 Mineralization in the Cottonwood and Park City region 16 
Chapter 3: Regional geology of the Battle Mountain mining district 18 
     3.1 The Paleozoic Geology of the Battle Mountain mining district 19 
     3.2 Cretaceous intrusive rocks of the Battle Mountain district 21 
     3.3 Eocene intrusive rocks of the Battle Mountain district 23 
     3.4 Tectonic history of the Copper Basin area 25 
     3.5 Mineralisation in the Copper Basin area 27 
          3.5.1 Buckingham Mo ± Cu system 27 
          3.5.2 Supergene/hypogene Cu mineralisation 28 
          3.5.3 Au ± Cu skarn mineralisation 28 
          3.5.4 Carlin-style Au mineralisation 28 
Chapter 4: Methodology 30 
     4.1 Field mapping and sample collecting 30 
     4.2 Petrography 31 
     4.3 Whole rock geochemistry 32 
     4.4 Geochronology 32 





          4.4.2 Re-Os dating 34 
     4.5 Mineral chemistry 34 
          4.5.1 Cathodoluminescence imaging of quartz 36 
          4.5.2 Quartz mineral chemistry 36 
          4.5.3 Pyrite mineral chemistry 37 
          4.5.4 Quality ranking 37 
     4.6 Short-wave infrared spectroscopy 40 
Chapter 5: Field Observations and Petrography 41 
     5.1 White Pine Fork Mo porphyry lithologies 41 
          5.1.1 Little Cottonwood stock 41 
          5.1.2 White Pine intrusion 43 
          5.1.3 White Pine Fork Mo breccia pipe 44 
          5.1.4 Lamprophyric dykes 46 
          5.1.5 Alteration and the vein stockwork in the granites 47 
     5.2 SWIR data 51 
     5.3 Buckingham lithologies and alteration 53 
          5.3.1 Harmony Formation 53 
          5.3.2 Buckingham Intrusions 55 
          5.3.3 Tertiary granites 55 
          5.3.4 Hydrothermal breccias 57 
          5.3.5 Alteration and the vein stockwork in the granites 61 
          5.3.6 SWIR data 64 
Chapter 6: Whole Rock Geochemistry and Geochronology 66 
     6.1 White Pine Fork Mo porphyry lithologies 66 
          6.1.1 Little Cottonwood Intrusion 66 
          6.1.2 White Pine Intrusion 67 
          6.1.3 Lamprophyric Dykes 68 
     6.2 Buckingham Mo (-Cu) porphyry lithologies 70 
          6.2.1 Buckingham porphyry 70 
          6.2.2 Tertiary granites 70 
          6.2.3 Hydrothermal breccias 71 
     6.3 U-Pb and Re-Os dating of the White Pine Fork breccia pipe 73 
     6.4 U-Pb and Re-Os dating of the Battle Mountain Eocene granites 73 





     7.1 Quartz trace element geochemistry from the Little Cottonwood and White Pine 
intrusions 78 
     7.2 Quartz trace element geochemistry from the Buckingham porphyry 82 
     7.3 Trace element geochemistry of pyrite at White Pine Fork Mo porphyry 86 
     7.4 Trace element geochemistry of pyrite at Buckingham Mo (-Cu)  porphyry 88 
     7.5 Au-rich rims around pyrite grains at Buckingham 90 
Chapter 8: Discussion 92 
     8.1 Petrography of the White Pine Fork Mo porphyry 92 
     8.2 Petrography of the Buckingham Mo (-Cu) porphyry 95 
     8.3 Geochemistry 97 
            8.3.1 White Pine Fork Mo porphyry area 97 
            8.3.2 Magma fertility at White Pine Fork 101 
            8.3.3 Whole rock geochemistry mapped alteration 103 
            8.3.4 Buckingham Mo (-Cu) porphyry area 106 
            8.3.5 Whole rock geochemistry mapped alteration 106 
     8.4 White Pine Geochronology 109 
     8.5 Eocene granite geochronology 110 
Chapter 9: Mineral Chemistry and Applications 112 
     9.1 Quartz 112 
            9.1.1 Igneous and hydrothermal quartz at White Pine Fork Mo porphyry 115 
            9.1.2 Igneous, sedimentary and hydrothermal quartz at Buckingham porphyry 118 
            9.1.3 Trace element substitution in quartz and mineral chemistry vectors 128 
            9.1.4 Comparisons between White Pine Fork, Buckingham, MAX and Bingham Canyon 129 
     9.2 Pyrite 136 
            9.2.1 Pyrite trace element geochemical vectors at White Pine Fork 139 
            9.2.2 Possible trace element geochemical vectors at Buckingham 141 
            9.2.3 Au-rich rims around pyrite at Buckingham 142 
Chapter 10: Summary and Conclusions 143 
References 149 
Appendix 1: Petrology 169 
     White Pine Fork Mo Porphyry 169 
     Buckingham Mo (-Cu) Porphyry 196 
Appendix 2: Sample lists 225 





     Buckingham Mo (-Cu) Porphyry 227 
     Polished mounts for White Pine Fork and Buckingham study sites 229 
Appendix 3: Geochronology from the White Pine Fork and Buckingham study areas 231 
Appendix 4: White Pine Fork whole rock geochemistry 236 
Appendix 5: Buckingham whole rock geochemistry 242 
Appendix 6: White Pine Fork quartz mineral chemistry 248 
Appendix 7: Buckingham quartz mineral chemistry 271 
Appendix 8: White Pine Fork pyrite mineral chemistry 295 







Figures and Tables 
Chapter 1 
1.1 





Alteration zoning and overprinting relationships in a porphyry 
system 
6 
   
Chapter 2 
2.1 





Cross section with the estimated paleodepths of emplacement 




A compilation of the intrusive suites in the Wasatch Range and 
the new ages produced by the P1060 project 
12 
 2.4 Geological map of the White Pine intrusion 14 
   
Chapter 3 
3.1 
Map of the state of Nevada showing the location of the 
Buckingham study site along the Battle Mountain-Eureka Au 
trend 
18 
 3.2 Geological map of the Buckingham study area 20 
 3.3 Structural map of Copper Basin 26 
   
Chapter 4 
4.1 















The location of the sample sites for mounts created at 
Buckingham 
35 
 4.5 Examples of spot analyses from quartz data 38 
 4.6 Examples of spot analyses from pyrite data 39 
   
Chapter 5 
5.1 Textural variations seen in the Little Cottonwood stock 41 
 
5.2 
Transmitted light microphotograph of the unaltered Little 
Cottonwood stock 
42 








Transmitted light microphotograph of altered plagioclase and 
the overgrowth of muscovite 
43 
 5.5 Phenocrysts in the White Pine intrusion 44 
 5.6 The White Pine Fork Mo breccia pipe 44 
 
5.7 
Geological map of the White Pine intrusion with the pyrite 
alteration halo 
45 
 5.8 Microphotograph of a lamprophyric dyke 47 
 5.9 Quartz-sericite veins 48 
 
5.1 
Microphotograph of a quartz vein in an altered monzogranite 
from the Little Cottonwood stock 
50 
 5.11 Microphotograph of the mineralisation at White Pine Fork 50 
 5.12 Mineralised vein cross-cutting relationships 50 
 5.13 Map showing SWIR results at White Pine Fork 52 
 5.14 Microphotograph of a quartzite hosting a sericite-rich vein 54 
 5.15 Microphotograph of an altered feldspar-porphyritic granite 54 
 5.16 Microphotograph of a porphyritic Tertiary granite. 54 
 
5.17 
Locations of hydrothermal breccias and leached cap at 
Buckingham 
58 
 5.18 Microphotograph of an unmineralised hydrothermal breccia 59 
 5.19 Microphotograph of a Tertiary hydrothermal breccia 59 
 
5.20 
Microphotograph of a quartz-hematite vein in the Tertiary 
hydrothermal breccia 
59 
 5.21 Microphotograph of a sulphide-rich breccia 60 
 
5.22 










Microphotograph of a a hydrothermal breccia hosted in a 
quartzite 
63 
 5.25 Map showing SWIR results at Buckingham 65 
   
Chapter 6 
6.1 





Primitive mantle normalized trace element plots for the 









Primitive mantle normalized trace element plots for the 








U-Pb concordia plots for the zircon age dates for the White 




U-Pb concordia plots for the zircon age dates for the Tertiary 
Buckingham granites 
75 
   
Chapter 7 
7.1 
Hydrothermal quartz in outcrop, polished mount, and 
cathodoluminescence imaging 
76 
 7.2 BSE-CL images of different quartz textures 77 
 
7.3 
Map showing the sample locations of the quartz mounts 




BSE-CL image of an igneous quartz grain from the Little 
Cottonwood stock 
79 
 7.5 BSE-CL images of sedimentary and hydrothermal quartz 84 
 
7.6 
Map showing the location of the samples collected for pyrite 




Microphotograph of hydrothermal alteration around pyrite at 



















Map showing the sample locations of the pyrite mounts 
prepared for mineral chemistry analysis at Buckingham 
89 
 7.12 LA-ICP-MS element maps of a pyrite grain (BK13ES028) 91 
 7.13 LA-ICP-MS element maps of a pyrite grain (BK13ES102) 91 
 7.14 LA-ICP-MS element maps of a pyrite grain (BK13ES059) 91 
   
Chapter 8 
8.1 
Map showing the centres of greater hydrothermal alteration at 




Map showing the division of the muscovite centre and phengite 









TAS diagram of regional whole rock geochemistry from the 
intrusive suite in the Wasatch range. 
99 










Sr ratios in the regional whole rock geochemistry 100 
 8.7 Sr/Y vs. SiO2 and Sr/Y vs. Y plots for White Pine Fork 102 
 
8.8 
Whole rock geochemistry normal log plots of Mo, Cu, Pb, Zn, 




Alteration zones highlighted by whole rock geochemistry at 
White Pine Fork  
104 
 8.10 Whole rock geochemical contours at White Pine Fork  105 
 
8.11 
Whole rock geochemistry normal log plots of Mo, Cu, Au, Ag, 




Alteration zones highlighted by whole rock geochemistry at 
Buckingham 
107 
 8.13 Whole rock geochemical contours at Buckingham 108 
 8.14 Whole rock geochemical contours at Buckingham 109 
 
   
 
Chapter 9 9.1 
Tukey box-and-whisker plot of the element concentrations in 




Tukey box-and-whisker plot of the element concentrations in 




Tukey box-and-whisker plot of the element concentrations in 




Map showing the locations of samples containing quartz 




Tukey box-and-whisker plot of the element concentrations in 




Tukey box-and-whisker plot of the element concentrations in 




Tukey box-and-whisker plot of the element concentrations in 




Tukey box-and-whisker plot of the element concentrations in 




Map showing the locations of samples containing quartz 




Scatterplot and box-and-whisker plot of Al as a vector in 




Scatterplot and box-and-whisker plot of Sb as a vector in 
hydrothermal quartz at Buckingham 
126 






















Comparison of the geochemistry of White Pine Fork and 




Comparison of the geochemistry of Buckingham and Bingham 




Scatterplot and box-and-whisker plot of Ni as a vector in pyrite 
at White Pine Fork 
140 




Summary of the compositions, ages, paleodepths and local 




Summary of SWIR data data from the White Pine Fork Mo 




Summary of SWIR data data from the Buckingham Mo (-Cu) 




Mean trace element concentrations in different quartz types at 












Chapter 1: Introduction 
2EMHFWLYHV 
This study was undertaken as a part of the P1060 project funded by numerous mining and 
exploration companies through AMIRA International. The P1060 project is a continuation of the 
P765 and P765A programs which successfully developed mineral chemistry vectors within 
porphyry copper systems to expand the extent of the recognized alteration footprint of mineral 
deposits. After successful studies in the P765A project, it was expanded into the P1060 project 
which focused on refining the known mineral chemistry vectors, but also adding new minerals to 
the tool box and testing proven vectoring tools in different environments. 
The purpose of this current study was to apply the theories and methods created by the 
P1060 project to two study sites: the White Pine Fork Mo porphyry and the Buckingham Mo (-
Cu) porphyry. One objective of this study was to collect data on Mo-porphyry systems, a style of 
mineralisation that was poorly represented in the P765, P765A and P1060 databases due to lack 
of sampling. In addition to expanded research on Mo porphyry systems, this study tested the 
effectiveness of quartz and pyrite as mineral tools in environments other than lithocaps, as well 
as developing new mineral vectoring tools in white rock environments. White rock environments 
are classified as host rocks that are dominantly sedimentary. The Buckingham porphyry was 
emplaced in a Paleozoic metasedimentary package, dominated by quartzites (Theodore et al., 
1992). The relatively homogenous, inert quartz and white micas in these systems result in 
different alteration minerals forming around the mineralising system than around a system hosted 
in green rock (volcanic hosted) and lithocap environments. The other objective of this study was 





focused on propylitic minerals (i.e., chlorite and epidote) typically found distal to the deposit. 
This study focussed on quartz and pyrite as Both the White Pine Fork and Buckingham have 
well-developed quartz and pyrite alteration halos around the mineralized centre.  
/RFDWLRQ 
:KLWH3LQH)RUN0RSRUSK\U\ 
The White Pine Fork porphyry is located in the Wasatch Mountains, Utah, USA. The 
study site is located approximately 50 km southeast of Salt Lake City, near the Snowbird resort 
in Alta (Fig. 1.1). Access to the study site was obtained by public trails leading up to White Pine 
Lake, Red Pine Lake, Maybird Gulch, and along the seasonal ski trails in the area.  
%XFNLQJKDP0R-&XSRUSK\U\ 
 The Buckingham porphyry is located west of the town of Battle Mountain, Nevada, USA 
and is currently owned by Freeport McMoran Copper & Gold (Fig. 1.1). Access to the property 
was granted and sample collection and mapping for this study was supported by their geologists. 
Access to the Battle Mountain mining camp is located about 30 km southwest along the Nevada 












1.3 Porphyry deposits 
Porphyry deposits are low- to medium-grade, high tonnage, hypogene resources of 
numerous metals. The deposits can be subdivided by the main metal types found within them 
into Au, Cu, Mo, Sn and W, and Ag (Kirkham and Sinclair, 1996; Seedorff et al., 2005; Holliday 
and Cooke, 2007), although normally, more than one metal is present in a given deposit. 
Porphyry deposits are associated with hypogene mineralization and hydrothermal alteration 
mineral assemblages that occur in and around large porphryritic, epizonal and mesozonal 
complexes of felsic to intermediate compositions (Kirkham and Sinclair, 1996). The tectonic 
setting for these intrusions is typically related to large-scale subduction zones or rift settings such 
as oceanic island arcs, continental (Andean) arcs, accreted arc terranes, and in post-orogenic 
magmatic belts (Sillitoe, 1987). The metals present in the mineralized systems are related to the 
geochemistry of the host rocks and the degree of fractionation undergone in the associated 
igneous bodies. The less fractionated, calc-alkaline and alkaline intrusions are often associated 
with Au-Cu deposits, whereas the more fractionated intrusions are associated with Cu, Mo, and 
Sn-W deposits (Holliday and Cooke, 2007). The hypogene ore mineralization is dominantly 
structurally controlled and hosted within veins in the stockwork, fracture sets, and breccia pipes. 
In some deposits, the mining activity has focused on the supergene mineralization which results 
from the oxidation and leaching and precipitation of the ore metal into a tabular zone located 
stratigraphically above the intrusion and hypogene mineralization (Lowell and Guilbert, 1970; 
Corbett and Leach, 1998; Kirkham and Sinclair, 1996).  
Holliday and Cooke (2007) outlined the characteristic hydrothermal alteration 
assemblages associated with the high-grade core of calc-alkalic porphyry deposits. A variation of 





common alteration minerals is the basis of the P1060 project. Holliday and Cooke (2007) 
outlined the following alteration mineral assemblages in the hydrothermal systems associated 
with the more common calc-alkaline intrusion complexes (Fig. 1.2): 
1) Potassic: characterized by abundant secondary orthoclase ± biotite, and often an associated 
magnetite halo in the high-grade zone in the system. In alkaline systems, the core could have 
undergone calc-potassic alteration, characterized by the addition of garnet ± actinolite ± epidote 
2) Phyllic: an overprinting alteration found near the core of the system characterized by abundant 
sericite + quartz + pyrite 
3) Advanced argillic: an overprinting alteration characterized by quartz + alunite + kaolinite ± 
pyrophyllite. This hydrothermal alteration is potentially associated with high sulfidation state 
mineralisation 
4) Calc-silicate (skarn mineral assemblages if carbonate wallrocks are present): characterized by 
garnet (andradite) + pyroxene (diopside) + epidote + calcite + chlorite + sulfides + quartz + 
anhydrite 
5) Propylitic (often unmineralized, distal alteration halo): characterized by epidote + chlorite + 
carbonates ± pyrite ± actinolite. This alteration zone may extend several kilometers out from the 
centre of the mineralizing system (Norman et al., 1991; Garwin, 2002; Rae et al., 2003) 
6) Lithocaps D VWUDWDERXQG µFDS¶ URRWHG E\ LQWHQVH SK\OOLF DQG DGYDQFHG DUJLOOLF DOWHUDWLRQ
found in some porphyry deposits, located above the high-grade zone and below the magnetite-







Figure 1.2: Alteration zoning and overprinting relationships in a porphyry system (modified after Holliday and 
Cooke, 2007; Cooke et al., 2014).  
 
ab = albite, act = actinolite, anh = anhydrite, Au = gold, bi = biotite, bn = bornite, cb = carbonate, chl = chlorite, cp = chalcopyrite, epi = epidote, 
hm = hematite, Kf = K-feldspar, mt = magnetite, py = pyrite, qz = quartz. 
 
The hydrous fluids, which precipitate the metals in a porphyry system, also generate the 
hydrothermal alteration in the surrounding rocks. Several studies have suggested that the 
majority of the initial fluids involved in the transportation of metals are probably sourced from 
the magma with a smaller proportion coming from meteoric waters (e.g., Keith et al., 1995; 
Williams-Jones and Heinrich, 2005; Davidson et al., 2005). The mantle-sourced water and fluids 
are sourced from the volatile degassing of the cooling intrusion. For example, in the Questa 
Porphyry Mo Deposit in New Mexico, stable oxygen isotope analyses from the mineralized 





component in the mineralizing fluid (Ross et al., 2002). There is evidence from other, F-poor 
GHSRVLWV WKDWGHFUHDVLQJ/
18
O values and geothermal gradients may indicate a higher meteoric 
water input (Ross et al., 2002). Meteoritic water is important in the formation of supergene 
mineralization and oxidation of the hypogene mineralization (Kirkham and Sinclair, 1996). 
The classic alteration mineral zoning seen in porphyry deposits is the result of initial high 
temperatures and the subsequent cooling and influx of meteoric water (Kirkham and Sinclair, 
1996). Gustafson and Hunt (1975) developed a model for the evolution of alteration mineral 
assemblages at the EI Salvador porphyry Cu deposit in Chile. They suggested that the 
subsequent progressive changes from the higher temperature alteration assemblages (phyllic 
alteration) to lower temperature conditions (argillic alteration) resulted from a change from 
lithostatic to hydrostatic conditions. They also suggested that the initial emplacement of 
mineralizing porphyries occurred at depths of ~2 km, under lithostatic pressures. This significant 
depth helped to facilitate the development of potassic alteration and quartz stockwork veins 
under very hot (>400-500°C) and highly saline conditions. The evolution to the phyllic, argillic, 
and advanced argillic alteration zones was interpreted to have been either the result of the influx 
of deep circulating, connate fluids from the surrounding rocks or the cooling, laterally migrating 
magmatic-hydrothermal fluids moving away from the intrusion (Gustafson and Hunt, 1975; 







One of the goals of the P1060 project was the creation of tools for mapping  gradients of 
hydrothermal alteration in µJUHHQURFN¶ µZKLWHURFN¶DQG lithocap environments. The previous 
P765, P765A and P1060 projects defined the green rock environment as being volcanic or 
intrusive hosted rocks; whereas, a white rock environment is hosted in clastic or chemical 
sedimentary rocks. In this study, the White Pine Fork Mo porphyry is hosted within the Little 
Cottonwood granitic stock, defining it as a green rock site whereas the Buckingham Mo(-Cu) 
porphyry is a white rock site due to it being hosted within a metasedimentary sequence. The 
wallrock composition influences the formation of alteration minerals. Cooke et al. (2014) 
suggested that the formation of a propylitic halo mineral assemblage requires a minor mass 
transfer of cations with the addition of H2O, H2S, CO2, and [Ca]
2+
 to form hydrous minerals, 
pyrite, calcite, and hydrous Ca-aluminosilicate minerals, respectively. However, if 
ferromagnesian minerals are not already present in the rock (e.g., quartzites and limestones) then 






Chapter 2: Regional geology of the Wasatch Mountain Range 
The north-trending Wasatch Mountain range lies at the intersection of the Basin and 
Range province and the Colorado Plateau, east of Salt Lake City, Utah (Fig. 2.1; John, 1997). 
The central Wasatch Mountains are composed of older Proterozoic and Mesozoic sedimentary 
and metamorphic rocks with younger Eocene to Oligocene igneous rocks (Crittenden, 1977; 
John, 1997). The study area has a complex geological history. The deformed and metamorphosed 
Paleoproterozoic basement (~1700-1800 Ma), which crops out east of the study area, near Park 
City is comprised of the cratonic rocks of Rodinia and is overlain by Neoproterozoic 
metamorphosed and unmetamorphosed clastic sedimentary rocks of the Little Willow and Big 
Cottonwood Formations (Spencer et al., 2012). These sedimentary formations represent some of 
the earliest clastic material shed into the Uinta rift basin during the earliest-known phases of the 
Rodina supercontinent break-up (Spencer et al., 2012). The later clastic and chemical 
sedimentary rocks (late Proterozoic to Jurassic in age) have been interpreted to be sediment 
deposited along a passive continental margin (Crittenden et al., 1983; Spencer et al., 2012). This 
sequence is topped by the Keetley volcanic suite, which comprises intermediate lava flows and 
flow breccias as well as associated volcaniclastic and pyroclastic rocks. These rocks underwent 
periods of compression and extension, resulting in the emplacement of several granitic intrusions 
that are thought to be cogenetic with the Keetley volcanic rocks (John, 1997).  
7KH&RWWRQZRRGDQG3DUN&LW\DUHDJHRORJ\ 
The stratigraphic sequence in the Cottonwood and Park City area comprises rocks from 
the early Proterozoic to the Quaternary. The oldest rocks found in the area are the early 
Proterozoic metamorphic rocks including amphibolites, gneisses, schists, meta-conglomerates 






Figure 2.2: W t E cross section with the estimated paleodepths of emplacement and the erosional surface with 
the regional block tilting resulting from extensional tectonics (modified from John, 1989). 
2OLJRFHQHDQG(RFHQHLQWUXVLYHDQGH[WUXVLYHURFNV 
There are two generations of intrusive rocks exposed in the Central Wasatch Mountains 
which were emplaced from ~40 to 30 Ma. The Little Cottonwood, Alta and Clayton Peak stocks, 
are located in the western portion of the Wasatch range and have been interpreted to have deeper 
paleodepths of emplacement (~10 ± 5 km; John, 1989). The Eastern Stocks include the Flagstaff, 
Valeo, Pine Creek, Mayflower and Park Premier stocks and have shallower calculated depths of 
emplacement (Figs. 2.2 and 2.3; Cooke et al., 2012). The Eastern Stocks have similar 
geochemical compositions to the Keetley Volcanics, which uncomformably overlie the older 
sedimentary rocks (Vogel et al., 1997, 2001; John, 1997). The stocks cover a calc-alkaline series 
that range from a granite to diorite compositions; however, most of the rocks are granodiorites 
(John, 1989; Vogel et. al., 1997). These units are high-K calc-alkaline rocks and are enriched in 
light rare earth and incompatible elements and show a Nb anomaly and no Eu anomaly (Vogel et 
al., 1997). Table 2.1 outlines the characteristic features of the intrusions from west of the 
Wasatch fault to Park Premier in the Central Wasatch Mountains (John et al., 1997). The ages 









The youngest igneous stock in the Wasatch Mountains is the Little Cottonwood stock. This 
igneous body contains a younger phase known as the White Pine intrusion. The Little 
Cottonwood stock is bound by two north-trending, normal faults: the Wasatch Fault to the west 
and the Silver Fork Fault to the east (Fig. 2.1). This intrusion was emplaced into older 
metasedimentary rocks, and possibly the Paleoproterozoic basement (John et al., 1997; Vogel et 
al., 1997). The majority of the unit is granodioritic to quartz monzonitic in composition with 
ODUJHFP.-feldspar phenocrysts. The mafic mineralogy is commonly biotite and hornblende 
with accessory titanite and magnetite. There are several aplitic and pegmatitic dykes throughout 
the intrusion. The unit also hosts xenoliths of the metamorphosed basement and later 
metasedimentary rocks. The White Pine Fork intrusion is a coarser grained, more leucocratic, K-
feldspar- and quartz porphyritic phase of the Little Cottonwood Stock (John, 1989; Cooke et al., 
2012). There are rare, younger, narrow (<5m wide), north-trending lamprophyric dykes which 
cross-cut both the Little Cottonwood and White Pine Fork intrusion (John, 1997). 
The White Pine Fork Mo porphyry and mineralised breccia pipe is located in the eastern part 
of the Little Cottonwood intrusion (Fig. 2.4). The hydrothermal alteration around the mineralised 
zone is very similar to a porphyry-style alteration halo around known mineralised centres. The 
hydrothermal alteration has been described by John (1997) as occurring in in stockwork veins 
and vein selvages, fracture-controlled and disseminated pyrite with localised potassic and 
sericitic alteration. John (1997) also describes a green sericite + pyrite ± fluorite ± molybdenite 
alteration, similar to greisens. The porphyry hosts a quartz-cemented, rusty breccia pipe which 
includes the most intense hydrothermal alteration (sericitization and pyritization with significant 







The Cottonwood area has undergone multiple episodes of regional faulting and 
deformation. Early Tertiary structures in the Cottonwood area comprise east-striking thrust faults 
found in the Sevier orogenic belt (active from 130 ± 40 Ma) and those related to the uplift along 
the west-plunging Neoproterozoic Uinta arch (a gently- to steeply-dipping regional-scale 
anticline; John, 1989).  Three major thrust faults (the Alta, Mount Raymond, and Charleston-
Nebo thrusts) and numerous minor faults propagated along weaker sedimentary strata during the 
collisional events. These faults have been proposed as the mechanism for emplacing a thicker 
allochtonous Paleozoic section over a thinner, equivalent autochtonous cratonic block (the 
Paleoproterozoic basement and earlier metasedimentary rocks; Crittenden, 1977; Willis, 1999). 
The Sevier orogeny and the Laramide orogeny (which temporally overlaps the Sevier mountain 
building event) lasted from 70 ± 34 Ma (Sprinkel, 2014). The Laramide orogeny resulted in an 
uplift of basement rock (Willis, 1999). Both of these crustal shortening events resulted from the 
subduction of the Farallon Plate below the North American plate. After compression ceased, the 
resulting extensional stress regime allowed for the emplacement of the igneous intrusions in the 
Wasatch range (Willis, 1999).  Most of the intrusions in the Wasatch Mountains were emplaced 
along the axis of the Uinta arch, with some porphyritic bodies intruding along minor folds 
formed off the main Uinta arch (Crittenden, 1977; John, 1989).  
Crustal extension in the study area has been interpreted to be associated with Basin and 
Range tectonism. The Wasatch Mountains are along the eastern boundary of the Basin and 
Range province, with the western edge of the Cottonwood area bounded by the Wasatch fault (a 
north-striking, normal fault; Fig. 2.1; John, 1989). Another north-striking normal fault, the Silver 





stock. The uplift (up to 11 km relative to the Salt Lake Basin) of the Little Cottonwood stock is 
interpreted to be the result of the formation of high-angle normal faults (John, 1997; Zoback, 
1983; Parry and Bruhn, 1986, 1987). The uplift of the Wasatch Range has been proposed to have 
started at 17 Ma, but the majority of the uplift has been in the last 10 m.y. (Crittenden et al., 
1973; Naeser et al., 1983; Parry and Bruhn, 1986). The uplift and tilting of the crustal block 
dipping approximately 20° to the west resulted in the exposure of deeper plutonic complexes in 
the western portion of the study area (i.e., the Little Cottonwood stock) and shallower and older 
plutons and coeval volcanic rock in the east (i.e., the Mayflower stock and Keetley volcanics; 
Fig. 2.2; John, 1989).  
A second major orientation of faults that cut the Wasatch intrusions strike east-west. 
These faults may have been active during the emplacement of the igneous intrusions and it has 
been suggested that they were important for the transportation of mineralising fluids in local 
precious and base metal occurrences in the study area (John, 1989).  
0LQHUDOL]DWLRQLQWKH&RWWRQZRRGDQG3DUN&LW\UHJLRQ 
The central Wasatch Mountains have been mined since 1868 (John, 1997). There are 
notable Ag-Pb-Zn±Cu±Au replacement and vein deposits, a low grade Cu-Au porphyry deposit, 
Cu skarn deposits and high-sulfidation (quartz-alunite) Au deposits (John, 1997). The Park City 
mining district produced >1.4 Moz of Au, 253 Moz of Ag, 2.7 billion lbs Pb, 1.5 billion lbs Zn, 
and 129 million lbs of Cu from 1872 to 1978 (John, 1997). There has also been mining of mostly 
Pb-Ag (±Cu±Au) replacement deposits along fissures in carbonate rocks in the Little and Big 
Cottonwood districts (John, 1997). The majority of the Ag-Pb-Zn mineralization in the Big and 
Little Cottonwood district is located along the Alta thrust. The ore bodies were formed as 





normal faults (John, 1997). The main ore minerals are pyrite and galena with minor sphalerite, 
tetrahedrite, and W-minerals (John, 1997). At some localities, the ore mined was secondary 
metal oxides, sulphates, and hydroxides (Calkins and Buter, 1943). Carbonate-hosted 
polymetallic Cu-skarn deposits are also found in the Cottonwood district. Limestones of the Big 
Cottonwood formation were altered and replaced during metasomatism, resulting in local ore 
bodies of massive magnetite + bornite ± chalcopyrite which also hosts some base metal and 
precious metal mineralization (John, 1997). 
The White Pine Fork Mo occurrence is centralized around a rusty breccia pipe located 
near the southern portion of the White Pine intrusion (John, 1997). Three drill holes by Bear 
Creek Mining Co. intercepted a zone ~40 m thick containing 0.5 % MoS2 starting at depths of 
90 to 120 m. An estimate of 16 Mt at 0.1% Mo was obtained based on the drilling program 
(Bromfield and Patten, 1981).  Bromfield and Patten (1981) describe this low-grade Mo (± W ± 
Cu) mineralisation as being strongly associated with the, frequently Fe-stained, quartz stockwork 
veins. The majority of molybdenite occurs in veins, blebs, within vein selvages and disseminated 








The sedimentary sequences in the study area formed as the result of deposition during 
multiple tectonic episodes. The Devonian Scott Canyon sequence (>1500 m thick) comprises 
deep water sedimentary rocks such as chert, argillite, and intercalated volcanic rocks 
(greenstone) with minor carbonate rocks (Theodore et al., 1992). The argillitic and cherty units 
in the Scott Canyon formation are thinly laminated with some bedding. These beds and layers are 
deformed and fractured, frequently showing displacement along the faults (Roberts, 1964; 
Theodore et al., 1992). Andesitic to basaltic metavolcanic units make up a significant proportion 
of the formation. The rocks are predominantly pyroclastic (grainsize ranging from tuffs to 
coarse-grained breccias) with a minor component of the unit being massive flows. Syngenetic 
alteration of the rocks has been interpreted to suggest subaqueous eruptions (Roberts et al., 
1964). Narrow fossiliferous, carbonate lenses and arkosic sandstones are found near the top of 
the sedimentary sequence (Roberts, 1964).  
The Late Cambrian Harmony is considered to be a transitional formation from the Scott 
Canyon Formation. The Harmony formation (>1000 m thick) is composed of feldspathic 
sandstone (now quartzite), rock fragment-rich sandstone, shale, and limey shale and other 
carbonate-rich rocks. The formation is predominantly (<70%) sandstones and quartzites 
(Roberts, 1964). These rocks rarely show coarse-grained material and display consistent graded 
bedding and some evidence of turbiditic activity. This unit is considered to be autochthonous or 
parautochthonous. A thrusting event moved blocks of the Harmony formation eastward during 
the Paleozoic and westward during Mesozoic tectonism (Roberts et al., 1958).  The sedimentary 
sequences overlying the Cambrian rocks is composed of three smaller units, in ascending order, 







The dykes and stocks which host the Mo mineralisation in the Buckingham area are 
Cretaceous in age and consist of several approximately east-west-trending dikes and a smaller 
number of equant stocks (Theodore et al., 1992). The primary lithology is a homogenous 
monzogranite porphyry which intrudes the Upper Cambrian Harmony Formation (Fig. 3.2). This 
monzogranite has been dated by U-Pb in zircon from 92.2 ± 1.4 Ma to 98.8 ± 2.0 Ma (Keeler, 
2010). Theodore et al (1992) describe the other key intrusive relationships and phases as follow. 
TKH %XFNLQJKDP &DPS¶V JUDQLWLF FRPSOH[ LQFOXGLQJ PHJDFU\VWLF PRQ]RJUDQLWH SRUSK\U\
aplite, and brecciated rocks. Locally, parts of the monzogranite are hydrothermally altered with 
most of the plagioclase feldspars reacting to white micas and clay minerals and the rock 
occasionally becoming silicified. The homogenous porphyritic monzogranite is texturally 
characterized by 10mm wide, bipyramidal and subrounded quartz phenocrysts, composing up to 
20 to 25 volume percent of the rock. There are also pink K-feldspar phenocrysts (<15 mm) and 
hydrolosized plagioclase feldspar phenocrysts. Tabular sheets of biotite (<1.5mm wide) are 
dispersed irregularly in the monzogranite porphyry and are intensely altered to white mica and 
chlorite. The contacts of the megacrystic monzogranite with the very similar homogenous 
monzogranite are not well-developed but the megacrystic unit has been interpreted to crosscut 
the more homogenous monzogranite. Theodore et al. (1992) noted that there is also a highly 
altered monzogranite unit comprised large, pink or white, euhedral K-feldspar phenocrysts which 
are irregularly distributed in a medium-grained to microaplitic groundmass. This altered unit has 
a notable decrease in the overall abundance of quartz veins (but an increase in some places of 
weathered pyrite veins), and an increase in abundance of white mica and iron oxide minerals in 





stockwork and hydrolysized alteration halo in the Paleozoic metasedimentary rocks adjacent to 
the highly altered unit.  
The aplitic unit is the latest phase in the Buckingham monzogranite and composes a very 
minor component of the intrusive suite (Theodore et al., 1992). The rock is K-feldspar-rich 
(often >50 modal %) and has a component of quartz microphenocrysts. The unit crosscuts the 
megacrystic monzogranite porphyry. It also does not display the quartz stockwork veining often 
seen in the rest of the monzogranitic units (Theodore et al. 1992). Theodore et al. (1992) describe 
a very small (~20 m wide) circular area in the East stock of the Buckingham system that is made 
up of a probable breccia pipe. This unit has been interpreted to represent the last stages of the 
Buckingham molybdenum hydrothermal system. The pipe contains variable-sized fragments (10 
to 15 mm in width) of different lithologies from the metasedimentary country rock (mostly 
intensely argillized shaly hornfels fragments derived from the Harmony Formation) and some 
partially rounded fragments of vein quartz (Theodore et al., 1992). The development of the 
breccia pipe is interpreted to be mostly post-Mo mineralization. However, some of the clasts and 
fragments have Cu-rich coatings on their weathered surfaces composed of secondary copper 
minerals: chrysocolla and/or malachite (Theodore et al., 1992; Blake, 1992). Blake (1992) 
suggested that the Cu may have migrated during the supergene alteration of nearby primary Cu 
minerals. A pebble dyke is found to the east of the system which cuts through all the same units 
which are cross-cut by the breccia dyke including some intensely-veined monzogranite porphyry. 
The dominant clast type are well-rounded, dark-gray pebbles and chert fragments, most likely 
derived from the Devonian Scott Canyon Formation at depth. The development of the pebble 






To the north of the Buckingham intrusion, there are several younger, Eocene intrusive 
bodies and a co-genetic rhyolite/rhyodacite (Fig. 3.2). Theodore et al (1992) describes  three 
main intrusions: a biotite-hornblende monzogranite and younger leucogranite and granodiorite 
porphyries. The biotite-hornblende monzogranite is characterised by the occurrence of 
occasional plagioclase feldspar phenocrysts and hornblende ± augite as the dominant mafic 
mineral phase. The largest body of the biotite-hornblende monzogranite is nearly circular in 
shape and measures about 800 m in diameter (Fig. 3.2). There are several much smaller equant 
bodies and dyke-like satellites to this larger intrusion. The extensive contact metamorphic 
aureoles around these smaller intrusions imply that at least some of these small outcrops of the 
biotite-hornblende monzogranite are underlain by more extensive intrusive rocks (Theodore et 
al., 1992). In places, the Harmony Formation metasedimentary rocks are recrystallized to a 
dense, black biotite hornfels. The fabric of quartz veins formed during the emplacement of the 
Eocene biotite-hornblende monzogranite is distinct from the veins associated with the 
emplacement of the Late Cretaceous Buckingham molybdenum system. Many of the quartz 
veins associated with the biotite-hornblende monzogranite show quartz-quartz banding, a texture 
not found in the Buckingham system (Theodore et al., 1992). The interfaces between the quartz 
bands are characterized by an increased concentration of microscopic solid inclusions of pyrite 
and fluid inclusions (which frequently host opaque minerals; Theodore et al., 1992). This 
monzogranite hosts an irregularly shaped hydrothermal breccia pipe about 500 m by 200 m. 
Similar to the breccia pipe hosted in the Buckingham system, this pipe boasts several different 
types of clasts, including brecciated quartz veins and fragments of the Paleozoic 





A porphyritic leucogranite intrudes the Upper Cambrian Harmony Formation and 
contains xenoliths of the biotite-hornblende monzogranite but at the northwest end, the 
porphyritic leucogranite is intruded by Oligocene granodiorite porphyry and contains fragments 
of the younger granodiorite (Fig. 3.2; Theodore et al., 1992). There are biotite-rich baked zones 
(hornfels) found in the metasedimentary rocks which host both the leucogranite and granodiorite 
intrusion (Theodore et al., 1992). The leucogranite comprises Na-rich plagioclase, K-feldspar 
phenocrysts, and common bipyramidal quartz phenocrysts with clinopyroxene (Roberts, 1964). 
There are two different phases within the leucogranite, a smaller quartz dioritic phase near the 
northern end of the intrusion, and a much more common porphyritic leucotonalite phase in the 
eastern portion. The tonalitic body has been associated both spatially and possibly genetically 
with skarn mineralization and with well-developed quartz stockwork vein systems that formed 
extensively in rocks of the Harmony Formation north of the Copper Basin Mine (Theodore et al., 
1992). The quartz veins often contain some pyrite (now weathered to Fe oxide minerals) and host 
rare quartz-epidote and quartz-K-feldspar veins (Theodore et al., 1992).  
The granodiorite porphyry has a similar composition to the older monzogranite but with 
an increased modal abundance of quartz in the groundmass and hornblende and biotite 
phenocrysts. This intrusive body is unique in that it has undergone a moderate degree of 
propylitic alteration. Much of the hornblende and biotite has been altered to actinolite ± titanite 
with rare secondary plagioclase and K-feldspar (Roberts, 1964; Theodore et al., 1992). The 
granodiorite is cross-cut by quartz-actinolite veins and is with associated skarn alteration along 






Continental rifting at the start of the Cambrian led to the formation of a new continental 
shelf and the deposition of a westward-thickening sequence of shelf sediments deposited from 
the end of the Proterozoic through the Cambrian (Roberts, 1964). The sedimentary rocks include 
shallow terrestrial material to shallow and deep marine sediments (Stewart and Poole, 1974). The 
sedimentation along this continental margin was disrupted by subsequent orogenic events 
including the Devonian-Mississippian Antler orogeny, which formed the Roberts Mountains 
allochthon, and the Permian-Triassic Sonoma orogeny, which resulted in the Golconda 
allochthon (Silberling and Roberts, 1962; Roberts, 1964). These periods of tectonism pre-date 
the later, uncomformably over-lying Antler metasedimentary sequence. The subduction of the 
Farallon plate beneath North America, starting in the Jurassic, resulted in the magmatism in 
Copper Basin which continued until the mid-Tertiary (Barton, 1996). Arc magmatism ceased as 
the continental margin switched from a subduction zone to a transform margin (John, 2001). This 
termination of the convergent plate boundary in the late Eocene (~38-41 Ma) generated large-
scale extensional forces that resulted in the formation of the Basin and Range province (Seedorff, 
1991). The Battle Mountain mining district is structurally complex with the entire sequence of 
the metasedimentary rocks (composed of thrust plates of Paleozoic rocks that have been 
deformed into a broad anticline) cut by younger Tertiary low angle, normal brittle faults (Keeler, 
2010). The notable faults in the area are the Contention, Buckingham, Second, and Long Canyon 
faults. The faults strike northwest and have shallow to steeper northeasterly dips (15° to 50-60°). 
The Elvira fault system strikes north-east and steeply dips to the northwest and has 335 m of 





emplacement of the Eocene igneous intrusions in the northern part of the study area (Keeler, 
2010). 
 







3.5 Mineralization in the Battle Mountain district 
%XFNLQJKDP0R&XV\VWHP 
The most recent resources of the Buckingham porphyry system have been estimated to be 
1,000 Mt of Mo at 0.1% MoS2 (Theodore et al., 1992). The stockwork vein-hosted molybdenum 
mineralisation has been interpreted to be associated with the emplacement of the Late Cretaceous 
composite porphyry system (Theodore et al., 1992). The molybdenite typically occurs as very 
fine-grained flakes, intergrown with white mica (probably sericite). In places the molybdenite is 
concentrated where white mica has completely replaced primary biotite and other mafic minerals 
or around the margins of quartz phenocrysts and radiating out into the groundmass (Theodore et 
al., 1992). However, the majority of the molybdenite is dispersed irregularly throughout the 
groundmass of the monzogranite porphyry (Theodore et al., 1992). The molybdenite often occurs 
as fine-grained blades concentrated in the granular groundmass. Locally, it occurs in quartz veins 
hosted within the Buckingham stock and adjacent metasedimentary rocks. Some small blades of 
molybdenite have narrow halos of ferrimolybdite and chrysocolla replacing molybdenite and 
chalcopyrite, respectively, formed as a result of weathering (Theodore et al., 1992). Fracture 
surfaces of the Buckingham porphyry show secondary copper minerals which either represent 
primary hypogene Cu minerals (i.e., chalcopyrite) which was weathered or Cu that has migrated 
from the adjacent Cu occurrences (Theodore et al., 1992; Blake, 1992). The dominant vein type, 
aside from the quartz stockwork, are quartz-white mica-pyrite veins (phyllic alteration mineral 
assemblage) with the majority of the pyrite altered to iron oxides (Theodore et al., 1992). 
6XSHUJHQHK\SRJHQH&XPLQHUDOLVDWLRQ 
Secondary Cu mineralisation at Copper Basin is located in the Cretaceous monzogranite 





chrysocolla and turquoise, as well as malachite and azurite (Theodore et al., 1992). Blake (1992) 
notes that the principal hypogene sulphide minerals found beneath the leached cap and supergene 
blanket are pyrite, pyrrhotite, chalcopyrite, galena, sphalerite, molybdenite, marcasite, and rare 
arsenopyrite. The total sulphide abundance is generally low (~2 vol %) but can reach 5-10 vol % 
(Blake, 1992).  
$X&XVNDUQPLQHUDOLVDWLRQ 
There are a number of Au and Au ± Cu skarn deposits in the Copper Basin area. The Au 
mineralisation in the northern part of the study area is hosted dominantly in the metasedimentary 
rocks in iron-oxide veins that are thought to have originally contained primary, high temperature, 
Fe-sulphides (Theodore et al., 1992). These veins were initially thought to have been associated 
with the Cretaceous magmatism. However, geochronology undertaken by Keeler (2010) and in 
this study show that the proximal intrusions are Eocene in age and that the Au mineralisation sits 
on the periphery of the larger porphyry deposit. The Au mineralisation has been suggested to 
represent a shallow extension of an Eocene porphyry Cu-(Au-Mo) system (Seedorff et al., 2005).  
&DUOLQ-VW\OH$XPLQHUDOLVDWLRQ 
The Battle Mountain area is located west of the Roberts Mountains thrust, part of the 
larger Eureka mineral belt (Fig. 3.1). This mineral belt contains Eocene disseminated, sediment-
hosted Carlin-style Au deposits (Theodore et al., 1992). The gold in these deposits is typically 
hosted as Au-rich rims on As-rich pyrite and marcasite or arsenopyrite and is also found 
disseminated in the sulphides that formed during mineralisation (Cline et al., 2005). One pulse of 
volcanism, associated with Carlin-style Au overprinting mineralisation, has been dated around 
~40 ± 36 Ma, making it similar in age to the granites responsible for the Au mineralisation at 





across districts and within deposits, there are ten deposits in the Carlin, Getchell, and Battle 
Mountain Eureka trends which contain more than 5 million ounces of Au and four deposits 
which contain more than 10 million ounces (Fig. 3.1; Cline, 2005). The Nevada Bureau of Mines 









Major and trace element data for a total of 67 samples from the White Pine Fork and 75 
samples from the Buckingham study site were generated at ACME Analytical Laboratories Ltd. 
in Vancouver, Canada. The samples were submitted for analyses under the AA 
Lithogeochemical Package (acmelab.com, 2015). Samples were jaw crushed to 70% passing 10 
mesh (2 mm), a 250 g aliquot was riffle split and pulverized to 95%, passing 150 mesh (100 µm) 
in a mild-steel ring-and-puck mill. 0.2 g of powdered sampler was fused in a graphite crucible 
with 1.5g of LiBO2/LiB4O7 flux at 980°C for 30 minutes and then dissolved in 5% HNO3. Major 
elements were determined using a Jarrel Ash AtomComp Model 975/Spectro Ciros Vision 
inductively coupled plasmas emission spectrograph. Trace elements were analysed using a 
Perkin-Elmer Elan 6000 or 9000 inductively coupled plasma mass spectrometer. For both major 
and trace elements calibration standards, verification standards and reagent blanks were included 
in the sample sequence. Reported detection limits for the major elements are <0.04 wt% and 
<0.5 ppm for the majority of the trace elements but <0.05 ppm for the REE (acmelabs.com).    
*HRFKURQRORJ\ 
8-3EGDWLQJ 
The granitic clasts from the White Pine Fork breccia pipe (sample WP13ES62) and the 
Tertiary granites from the Buckingham study site (samples BK13ES048, -50, -53, and -58) were 
dated by measuring U-Pb systematics in zircon by the laser ablation inductively coupled mass 
spectrometry (LA-ICP-MS) at CODES-University of Tasmania. LA-ICP-MS is now widely used 
for measuring U, Th and Pb isotopic data (e.g., Fryer et al., 1993; Compston, 1999; Black et al., 
2003; Kosler and Sylvester, 2003; Black et al., 2004; Jackson et al., 2004, Chang et al., 2006 


























U. The element abundances in the zircons were calculated 
using Zr as the internal standard element and correcting for mass bias and drift (Kosler, 2001). 
The data reduction used for the results was based on the method outlined in Meffre et al. (2008) 
and Sack et al. (2011) and was similar to the methods in Black et al. (2004) and Paton et al. 
(2010). 
At CODES, approximately 100 g of the sample was crushed in a Cr-steel ring mill to a 
<400 micron grain size. The non-magnetic heavy minerals were then separated from the crushed 
material and the zircons were hand-picked from the heavy mineral concentrate. The selected 
crystals were mounted, polished and washed using distilled water in an ultrasonic bath. The 
analyses were performed on an Agilent 7500cs quadrupole ICP-MS with a 193 nm Coherent Ar-
F gas laser and the Resonetics S155 ablation cell. The downhole fractionation, instrument drift 
and mass bias correction factors for Pb/U ratios on the zircons were calculated using two 
analyses on the primary (91500 standard of Wiendenbeck et al. 1995) and one analysis on each 
of the secondary standard zircons (Temora standard of Black et al., 2003; JG1 of Jackson et al., 
2004) analysed at the beginning of the session and every 15 unknown zircons. These quality 
assurance and control runs were completed using the same spot size and conditions as used on 
the samples. Additional secondary standards (Mud Tank Zircon of Black and Gulson, 1978; 
Penglai zircons of Li et al., 2010; Plesovice zircon of Slama et al., 2008) were also analysed. The 




Pb ratio was calculated using large spots of NIST610. This 
standard was analysed after every 30 unknown measurements (corrections were done using the 








In addition to the granitic clasts from the White Pine breccia pipe, the molybdenite 
mineralisation was dated using Re-Os systematics at the University of Alberta Radiogenic 
Isotope Facility. Molybdenite is enriched in Re and contains insignificant common Os, meaning 
that essentially all 
187
Os derives from 
187





Os concentrations were determined by isotope dilution mass 
spectrometry using Carius tube, solvent extraction, and chromatographic techniques as outlined 
by Selby and Creaser (2001). Rhenium and Os isotope ratios were measured using negative 
thermal ionization mass spectrometry on a Micromass Sector 54 mass spectrometer using 
Faraday collectors (Creaser et al., 1991; Volkening et al., 1991). The Chinese molybdenite 
powder HLP-5 (Markey et al., 1998) is routinely analyzed at the University of Alberta as a 
control sample. It has a determined average Re-Os date of 221.65 ± 0.45 Ma (1SD uncertainty, 
n=11). This Re-Os age date is identical to that reported by Markey et al. (1998) of 221.0 ± 1.0 
Ma 
0LQHUDOFKHPLVWU\ 
The mineral chemistry analyses for quartz and pyrite and any associated imaging were 
performed on polished circular mounts. These mounts were prepared at Lakehead University. 
Figures 4.3 and 4.4 below outline the location of the samples from which mounts were prepared 







Prior to any analysis of the quartz samples, the igneous, sedimentary, cement, and 
hydrothermal quartz on the mounts underwent cathodoluminescence imaging. The imaging was 
completed at the University of Tasmania ± Centre for Ore Deposits and Exploration Science 
(UTAS ± CODES) Electron Microscopy and X-Ray Microanalytical Facility with the FEI 
Quanta 600 Environmental SEM. The cathodoluminescence (CL) imaging was completed with 
the GatanPanaCLF panchromatic CL detector. The imaging was used as a map to locate the spots 
for the laser ablation analyses to ensure measurements bracketed all compositional variations. 
4XDUW]PLQHUDOFKHPLVWU\ 
The quartz trace element geochemistry was collected by LA-ICP-MS at CODES at the 
University of Tasmania. The spots to be ablated on each quartz grain were mapped on scanned 
images of the mounts based on any available cathodoluminescence imaging. The ablation spot 
size was set to 47 µm, frequency 10 Hz, energy 85 mJ and fluence 14 J/cm
2
. The NIST612 
standard was used as the primary external calibration standard and was run every 15 analyses, 
while a blank silica secondary standard was run under the same conditions as the quartz analyses 
every 30 spots. As well, GSD-1G, synthetic glass, standards were run at the beginning and end of 
every quartz session. Typically, four to six grains were sampled from one mount and up to six 
data points were selected for an average of 12 to 15 spots per grain. These data were collected, 
normalized to Si and run through an EXCEL spreadsheet which plotted the concentrations of the 
elements throughout the duration of the spot analysis. This spreadsheet was used to review each 
spot analysis and verify that it was a clean run and to eliminate any portion of the run containing 
obvious contaminations or mineral inclusions (Fig. 4.5). Detection limits for elements are found 






The pyrite trace element geochemistry was collected by LA-ICP-MS at CODES at the 
University of Tasmania. The spots to be ablated on each pyrite grain were mapped on scanned 
images of the pucks with spots located in the core, mantle and rim of the grain. The ablation spot 
size was set to 35 µm, frequency 5 Hz, energy 54 mJ and fluence 4 J/cm
2
. The GSD-1G standard 
was also used in the pyrite analyses in conjunction with the STDGL2b2 standard (a control 
sample with Fe as the internal standard element). These standards were run after each grain 
(approximately every 12 to 15 spot analyses per grain and three grains per mount) and at the start 
and end of each session. As well, the Peru Pyrite standard was used as the baseline for the Fe 
values. This data was collected and run through an Excel spreadsheet which plotted the 
concentrations of the elements throughout the duration of the spot analysis. This spread sheet 
was used to review each spot analysis and verify that it was a clean run and to eliminate any 
portion of the run containing obvious contaminations or mineral inclusions (Fig. 4.6). Detection 
limits for elements are found in Appendix 7. 
4XDOLW\UDQNLQJ 
In addition to the reduction of the mineral chemistry data, each spot spectra collection 
was given a quality ranking of 1 to 4. The data collection for each spot ran for 60 seconds. After 
the data reduction, a run of which 10 to 19 seconds was kept and used was given a quality 
ranking of 1. A run which contains 20 to 29 seconds of data was given a ranking of 2. A run 
containing 30 to 39 seconds was designated a 3 and 40 to 60 seconds was given the highest 








Spectroscopic data were collected from the prepared mounts using a TerraSpec 4 
Standard-Res mining analyzer. The sample spectra were measured in a darkened room on a ~1 
cm diameter reading window with a run gathering data for 30 seconds. The light source was 
calibrated with a white plate standard after every sample. Raw spectra were imported 
into Indico® Pro acquisition software for the extraction of the peak parameters such as the 
wavelength, width and depth of specific absorption features. Spectra were interpreted by 
comparing the unknown spectra to reference spectra from 7KH 6SHFWUDO *HRORJLVW YLHZHU












The lamprophyric dykes were identified in the field as north-south trending, <5m wide, 
brown rocks which cross-cut the Little Cottonwood stock (Fig. 5.8A). They were mainly 
observed in the south eastern portion of the study area. The rocks were soft and contained visible 
biotite phenocrysts and trace sulphides. In thin section (WP13ES05), the groundmass was 
predominantly comprised altered feldspars (likely potassic, due to the lack of polysynthetic 
twins) and some anhedral quartz. The presence of quartz suggests the absence of feldspathoids. 
The fine-grained groundmass also contains patches of calcite, white micas and muscovite. The 
white micas are the result of almost complete sericite/white mica and other clay mineral 
alteration of the K-feldspar. Biotite is the dominant ferromagnesian mineral and it is randomly 
orientated and is altered to muscovite/phengite, magnetite and possibly chlorite. The dominant 
mineral assemblage is biotite (35%), orthoclase (35%), quartz (5-10%) and white micas (20%; 
Fig. 5.8B, C, D). There are small euhedral fluorite and red rutile grains throughout the 
groundmass. Minor amounts (<5%) of magnetite occur interstitially throughout the groundmass 
in needles and with hematite likely formed as a reaction product from the alteration of biotite. 
The sulphides observed in the hand samples are pyrite which occurs as isolated equant, subhedral 







veinlets which cross-cut the samples (Fig. 5.9). These veinlets occasionally contained quartz 
and/or pyrite (Fig. 5.10) 
The pyrite alteration seen at the White Pine Fork Mo porphyry was pervasive in the Little 
Cottonwood rocks surrounding the breccia pipe. The coarse-grained pyrite is typically euhedral 
and often seen as isolated grains throughout the groundmass of the rock. The precipitation of the 
minerals in the quartz-pyrite-sericite veins was observed to be cyclical. The first mineral to 
precipitate was white mica, followed by the quartz and then pyrite before the sequence was 
repeated (Fig. 5.10). In sample WP13ES46, a 20mm wide quartz vein showed a white mica-rich 
vein selvage around a coarse-grained, well annealed quartz vein with hematite as an alteration of 
primary pyrite that crystallized on the quartz vein in a cyclic pattern with sericite (Fig. 5.10). The 
pyrite found within veins outside of the ~700 m radius of the breccia pipe was typically very 
rusty (i.e., weathered to hematite) and anhedral to subhedral. The pyrite within the 700m radius 
of the breccia pipe is euhedral and less weathered (i.e., partial to absent hematitic mineral 
coronas). The pyrite grains within <500 m of the breccia pipe also exhibited higher mineral 
inclusion content (chalcopyrite, sphalerite, and galena; Fig. 5.11A). Sample WP13ES65 (located 
609 m from the breccia pipe), contained two generations of veins. It was observed in the field 
that the older veins were mineralized with molybdenite flakes and lacked any other sulphides 
(Figs. 5.11B and 5.12). These veins were cut by pyrite-quartz veins which contained no 
molybdenite. This field relationship distinguished the mineralizing system from the later, 









 The SWIR spectropy data collected on the pucks prepared for mineral chemistry analyses 
was used to characterise the alteration minerals present at the White Pine Fork Mo porphyry. The 
intense phyllic alteration observed during the mapping resulted in the formation of several white 
phyllosilicates including muscovite, sericite, phengite, and possible clay minerals.  In the distal 
samples, the muscovite is euhedral and found as books in the groundmass and is interpreted to be 
magmatic in origin. The altered samples show muscovite replacing feldspars. The two most 
common minerals related to alteration were muscovite and phengite (found in all but two 
samples) with secondary siderite (found in 13 out of 41 samples; Fig. 5.13; Table 5.1).  
Table 5.1: Summary of SWIR data data from the White Pine Fork Mo porphyry study area. Mineral 1 is the most 
common and Mineral 2 is the second most common mineral. Coordinates are NAD27. 
Sample Unit Lithology Easting Northing Elevation Mineral 1 Mineral 2 
WP13ES001 White Pine intrusion 
Granite and quartz 
+ pyrite vein 
442630 4489434 2689 Phengite 
 
WP13ES002 Breccia pipe 
Breccia clast and 
cement 
442460 4489331 2680 Muscovite Siderite 
WP13ES002 Breccia pipe 
Quartz cement and 
Mo 
442460 4489331 2680 Muscovite 
 
WP13ES003 Little Cottonwood stock Porphyritic granite 441521 4488155 2984 Phengite 
 
WP13ES006 Little Cottonwood stock Porphyritic granite 441314 4488621 2881 Siderite Muscovite 
WP13ES006 Little Cottonwood stock Quartz vein 441314 4488621 2881 Muscovite 
 
WP13ES007 Little Cottonwood stock Altered granite 441229 4489140 2754 Phengite 
 
WP13ES013 Little Cottonwood stock Porphyritic granite 442725 4487733 3093 Siderite Muscovite 
WP13ES014 Little Cottonwood stock 
Aplitic pegmatite 
dyke 
442725 4487733 3093 Muscovite 
 
WP13ES017 Little Cottonwood stock Porphyritic granite 442844 4488617 2861 Phengite Siderite 
WP13ES018 Little Cottonwood stock Porphyritic granite 442874 4488858 2811 Phengite 
 
WP13ES020 White Pine intrusion Porphyritic granite 442578 4490390 2596 Muscovite Siderite 
WP13ES021 White Pine intrusion Altered granite 441918 4490808 2491 Muscovite Siderite 
WP13ES022 White Pine intrusion Porphyritic granite 443573 4491671 2463 Phengite Siderite 
WP13ES023 White Pine intrusion Porphyritic granite 443213 4490846 2821 Muscovite 
 
WP13ES025 White Pine intrusion Aplitic dyke 443156 4490596 2963 Paragonite 
Montmorillon
-ite 
WP13ES026 White Pine intrusion Porphyritic granite 443269 4490401 3036 Muscovite 
WP13ES027 White Pine intrusion Porphyritic granite 443257 4490251 3026 Muscovite Siderite 
WP13ES028 White Pine intrusion Porphyritic granite 443365 4490168 3039 Muscovite 








The Harmony Formation is a metasedimentary unit comprised predominantly of 
sandstones, arkosic sandstones, and pebble conglomerates (Theodore et al., 1992). The 
predominant lithology mapped and sampled was a quartzite which was composed of rounded, 
moderately sorted quartz grains up to ~2mm wide. There is no other clast type except for some 
minor (<1% total) feldspar grains.  The rock is clast-supported and the interstitial material is 
white, soft and powdery micas and clay minerals. There were some variations in the unit where 
the metasandstone was more arkosic which is evidenced by white, opaque, altered grains. 
Transmitted light microscopy showed that the quartz clasts comprised up to 95% of the rock in 
some of the quartzite samples and in the rest. Some of the larger clasts (<1 mm) displayed 
subgrains. As not all the grains displayed subgrain boundaries it is likely that the subgrains 
formed pre-metamorphism, before erosion and deposition. The grains were typically well 
annealed with wavy grain boundaries interpreted to be the result of metamorphism. In the areas 
where the grain boundaries were not as annealed and the clasts have retained more of a rounded 
grain outline, the interstitial mineral is dominantly white micas, including muscovite (Fig. 5.14). 
The mica minerals occur as fine-grained laths and as aphanitic crystal aggregates of sub- to 
euhedral grains in the quartz matrix as an alteration product of the pelitic component of the 
sandstone protolith. The other minerals present in the rock were introduced as the result of 
hydrothermal alteration, weathering and veining. The most common vein types are quartz, 







The Buckingham granites are pervasively hydrothermally altered and comprise coarse-
grained quartz and K-feldspar phenocrysts in a quartz±orthoclase±plagioclase groundmass that 
displays a granitic texture with annealed grain boundaries.  The quartz phenocrysts are coarse-
grained (up to 9mm wide), anhedral and rounded. These quartz eyes show some undulatory 
extinction and are unaltered. The K-feldspar phenocrysts in this sample are difficult to 
distinguish, other than by relict growth twins, from the plagioclase due to the extensive sericitic 
alteration. The larger relict grains of feldspar (which show some tartan twinning) are likely 
microcline, the grain shape and size closely resembles the phenocrysts seen in less altered 
samples. The plagioclase was determined to be oligoclase, is finer-grained than the K-feldspar 
and occurs as equant, euhedral, altered phenocrysts. They have been almost completely altered to 
white micas (the alteration replaces up to 95% of the plagioclase grain). Primary growth twins 
can be seen in some of the less altered grains. The groundmass has undergone sericite/white mica 
and other clay mineral alteration of the feldspars (Fig. 5.15). No magmatic ferromagnesian 
minerals where observed in the granites. Primary hydrothermal pyrite and its weathering reaction 
products of Fe-oxide occur throughout the groundmass, where altered, the hematite retains the 
relict outline of the pyrite. 
7HUWLDU\JUDQLWHV 
The younger, Tertiary granites are located in the northern part of the study area and are 
also hydrothermally altered. Two distinct lithologies have been recognised, a quartz feldspar-
porphyritic hornblende monzogranite and a quartz K-feldspar-porphyritic granite. Samples 
BK13ES048 and BK13ES053 are monzogranites with quartz and feldspar phenocrysts in a 





grained with rounded quartz eyes that reach 9 mm in diameter. These grains show some 
undulatory extinction, no subgrain formation and are unaltered. There is also finer-grained, 
anhedral quartz in the altered groundmass. Feldspars in the very fine-grained groundmass have 
undergone some sericite/white mica and other clay mineral alteration. In some of the feldspar 
grains, white mica replaces up to 15% of the feldspar. The K-feldspar and plagioclase 
phenocrysts are euhedral and show some compositional zonation. The medium- to fine-grained 
K-feldspar phenocrysts (which show some tartan twinning) are microcline. Several, equant, 
euhedral altered phenocrysts are also found within the groundmass. They have been partially 
altered to white micas (~15% of the grain). The primary growth twins indicate that the 
plagioclase is oligoclase. The most common ferromagnesian mineral in these granites is 
hornblende which occurs as subhedral to euhedral, fragmented crystals throughout the 
groundmass (Fig. 5.16). The crystals range from being unaltered to weakly altered to biotite. 
Some trace epidote and titanite are also associated with the glomeritic ferromagnesian minerals.  
Samples BK13ES050 and BK13ES51 have undergone more hydrothermal alteration than 
the granites which contained hornblende. These altered monzogranites are characterised by 
pervasive barren quartz stockwork veins in an altered fine-grained quartz and K-feldspar 
porphyritic quartz-orthoclase-plagioclase groundmass. The feldspars in the groundmass have 
undergone sericite/white mica and other clay mineral alteration, with white mica replacing up to 
55-75% of some crystals. The primary, magmatic ferromagnesian minerals in these granites have 
been altered to opaque minerals (Fe-oxides), titanite and epidote. In sample BK13ES048, 
primary hydrothermal pyrite, often weathered to Fe-oxides, occur throughout the groundmass. 






Different generations of hydrothermal breccias were recognised at Buckingham that are 
interpreted to be associated with the emplacement of the Buckingham intrusion and with the 
Tertiary granites (Fig. 5.17). An unmineralized breccia, associated with the Cretaceous granites 
(BK13ES016), is characterised by hematite-jarosite-quartz veinlets cement.  The breccia is 
chaotic and polymictic. The predominant clasts are quartzites composed of rounded, moderately 
sorted quartz grains of the Harmony Formation. Some of the larger grains (<1 mm) have 
subgrains of fragmented sedimentary grains (Fig. 5.18). The matrix of the quartzite is composed 
of very fine-grained quartz and white phyllosilicates as well as coarser crystals of either 
muscovite or phengite. There is a very minor (<1%) component of biotite-rich clasts that are 
likely sedimentary as the biotite suggests a more Al-rich or pelitic protolith. This breccia also 
contains wavy and anastomosing veinlets of very fine-grained hematite and aphanitic, greenish 
jarosite. The veins have the same mineralogy as the breccia cement and define a halo to the 
chaotic breccia. There are numerous, angular single quartz grains found within the hematitic 
cement  which may be hydrothermal in origin or derived from disaggregation of the quartzite 
(Fig. 5.18). Some of defines a relict cubic shape, suggesting that pyrite was a primary breccia 
cement. Hematite is the main mineral in the matrix of the breccia veins. Local goethite (?) 
cement is associated with jarosite and occurs as patches around some of the quartzite clasts. 
Jarosite also occurs in patches around some of the quartzite clasts. No primary or secondary 








granites comprises hematite-jarosite-quartz cement around quartz vein clasts. The breccia is 
chaotic, monomictic and clast-supported. The clasts are hydrothermal, barren quartz with 
annealed grain boundaries. The clasts are variable in size, reaching up to >50 mm wide and very 
angular. The matrix of the breccia is composed of very fine-grained hematite, quartz and 
aphanitic yellow jarosite, which also occur in <1 mm veinlets. No quartz veins were observed 
cross-cutting the Fe-oxide veinlets or the annealed brecciated quartz matrix. Hematite is the main 
cement mineral, typically occurring with jarosite as patches around the clasts. The breccia likely 
had a sulphidic cement prior to weathering to Fe-oxides. Some relict cubic shapes are preserved, 
suggesting that hematite has replaced pyrite. In places, early hematite defines weathering rinds 
around specularite, which has pseudomorphed pyrite. The outer rind is weathered to a darker 
brown hematite, whereas the core of the altered grain is whiter, more reflective and non-
magnetic. The Fe-oxides have grown in cuniform and botryoidal forms where open space was 
available (Fig. 5.20). No primary or secondary sulphides were observed.  
A sample of a chaotic and polymictic mineralised breccia was collected near the 
Buckingham adit (Fig. 5.17). Sample BK13ES104 displays quartzite clasts and massive sulphide 
clasts cemented by quartz.  The predominant clast types are massive sulphide clasts and older 
hydrothermal quartz clasts which are finer-grained than the groundmass quartz and very angular. 
The hydrothermal quartz clast size is variable and the clast size decreases towards the edges of 
the breccia. There is a minor (<10%) component of quartzite clasts in the breccia which are 
identified by rounder quartz grains which host interstitial white micas.  The hydrothermal quartz 
cement contains pyrite and arsenopyrite. Pyrite occurs as euhedral grains in the quartz cement 
and is generally massive with cubic, inclusion-free cores, surrounded by very fine-grained grains 






phengite, and other white micas. In the Cretaceous granites, the feldspars were typically 
completely altered whereas in the Tertiary granites, K-feldspar and plagioclase feldspar 
phenocrysts were less altered, generally retaining their primary growth twins. In the crystals 
where compositional zoning was evident, the micas preferentially altered the rim of the 
phenocrysts. This white mica alteration was also seen in the quartzites. Any feldspar clasts were 
altered and consequently could be distinguished from the unreactive quartz grains. Veinlets of 
white phyllosilicates occur in patches with coarser-grained, radiating muscovite in the quartzites. 
These veinlets are composed of ~85% very fine-grained white micas and some contain very fine-
grained hematite (Fig. 5.14). The hematite is most likely a weathering product of primary pyrite 
in the veins. Barren quartz veins were also observed in the quartzites (Fig. 5.22).  
The most intensively veined samples (BK13ES009 and BK13ES022) contained different 
generations of veins. Within the quartzite, there are localized breccias of very fine-grained 
hematite and aphanitic, greenish jarosite cement. The hematite and jarosite display some relict 
cubic shapes, suggesting they are after pyrite. The edges of the breccias tend to be composed of 
hematite with jarosite cores. In addition barren, fine-grained hydrothermal quartz veins which are 
cross-cut by the white mica veinlets were present. The jarosite in the veins occurs in patches and 








 A Terraspec was used to analyse absorption features in the SWIR (short-wave infrared) 
region which are a function of the composition of the mineral in the mounts prepared for mineral 
chemistry analyses. This technique is particularly effective for distinguishing clay and mica 
minerals which may have similar appearance at the Buckingham study site. The intense phyllic 
and argillic alteration was observed in the altered Buckingham porphyry and the hosting 
metasedimentary rocks. The two most common minerals recorded were muscovite/phengite 
(found in 22 out of the 32 samples as the most common or second most common mineral) and 
kaolinite (found in 8 out of the 32 samples as the most common or second most common 
mineral; Table 5.2). Figure 5.25 shows a map of the minerals in Table 5.2 relative to the 
Buckingham quartz stockwork and system and the Copper Queen mineralisation (as defined by 
Theodore et al., 1992). 
Table 5.2: Summary of SWIR data from the Buckingham porphyry study area. Mineral 1 is the most common and 
Mineral 2 is the second most common mineral. Coordinates are NAD27. 
Sample Unit Lithology Easting Northing Elevation Mineral 1 Mineral 2 
BK13ES001 Harmony Formation Quartzite 494048 4495299 1940 Siderite Muscovite 
BK13ES003 Harmony Formation Quartzite 493887 4495072 1960 Muscovite 
 
BK13ES005 Harmony Formation Quartzite 493854 4495695 1862 
  
BK13ES006 Harmony Formation Quartzite 493869 4495675 1835 Epidote 
 
BK13ES009 Harmony Formation Quartzite 493872 4495778 1890 Phengite Jarosite 
BK13ES011 Buckingham intrusion Porphyritic granite 493264 4493194 1774 Phengite 
 
BK13ES012 Harmony Formation Quartzite 493242 4493400 1815 Muscovite Chlorite 
BK13ES013 Harmony Formation Quartzite 493242 4493505 1851 Muscovite Siderite 
BK13ES014 Harmony Formation Quartzite 493309 4493679 1902 Chlorite Muscovite 
BK13ES015 Harmony Formation Quartzite 493467 4493840 1974 Muscovite Gypsum 
BK13ES017 Harmony Formation Quartzite 493543 4494037 2023 Muscovite 
 
BK13ES018 Harmony Formation Quartzite 493667 4494161 2038 Muscovite Kaolinite 
BK13ES020 Harmony Formation Quartzite 493803 4494098 2055 Chlorite 
 
BK13ES021 Harmony Formation Quartzite 493689 4494250 2005 Muscovite 
 
BK13ES023 Harmony Formation Altered quartzite 493704 4494629 2023 Muscovite Kaolinite 







Chapter 6: Whole Rock Geochemistry and Geochronology 
Whole rock geochemistry was completed on all of the samples collected in the field. The 
whole rock geochemistry of the igneous lithologies from both study areas was used to determine 
the progression from the initial crystallization and later hydrothermal alteration during the 
mineralisation event. The trace element geochemistry of the porphyries, granites and associated 
igneous bodies was used to provide insight into the evolution of the igneous rocks. 
:KLWH3LQH)RUN0RSRUSK\U\OLWKRORJLHV 
/LWWOH&RWWRQZRRG,QWUXVLRQ 
This unit is characterized by anhydrous SiO2 values of 66 ± 75 wt.%, Fe2O3 values of 2 ± 
5 wt.%, MgO values of 0.4 ± 1.6 wt.% and a Mg# of 20 ± 47. The whole rock contents of Mo 
ranged from <1 to 302 ppm, with an average of 12 ppm. When the Little Cottonwood stock and 
the White Pine intrusion were plotted on a TAS (total alkali-silica) diagram, they fell within the 
granite, granodiorite and quartz monzonite fields (Fig. 6.1). The Little Cottonwood plotted 
slightly more in the granodiorite and quartz monzonite fields, reflecting a lower SiO2 content 
then the White Pine intrusion. The Little Cottonwood is characterised by negative Nb and Ti 
anomalies (Nb/Nb*=0.11-0.63; Ti/Ti* = 0.20 ± 0.54), as well as generally positive Hf anomalies 
(Hf/Hf* = 0.74 ± 2.02; Appendix 4). Normalized to primitive mantle values, there is a Nb-Ta and 
Sr depletion (Fig. 6.2). The granite displays LREE enrichment, with a La/Smcn values of 5.5 -









The White Pine intrusion has anhydrous SiO2 values of 69 ± 77 wt.%, Fe2O3 values of 1 ± 
4 wt.%, MgO values of 0.5 ± 1.0 wt.% and a Mg# of 28 ± 54. The whole rock contents of Mo 
ranged from <1 to 1096 ppm, with an average of 133 ppm. Similarly to the Little Cottonwood 
stock, the White Pine intrusion is characterised by negative Nb and Ti anomalies (Nb/Nb*=0.16 
± 0.35; Ti/Ti* = 0.21 ± 0.56), as well as positive Hf anomalies (Hf/Hf* = 0.71 ± 2.49; Appendix 
4; Fig. 6.2). When these values are normalized to primitive mantle values, there is a depletion of 
Nb ± Ta and Sr. The granite displays LREE enrichment, with La/Smcn values of 5.5 -10.3 and 








The other igneous rocks sampled in this study were the four lamprophyric dykes. These 
dark-coloured dykes were narrow (<5 m) and cross-cut the Little Cottonwood stock. They are 
characterized by anhydrous SiO2 values of 55 ±61 wt.%, Fe2O3 values of 5 ± 7 wt.%, MgO 
values of 2.8 ± 5.0 wt.% and a Mg# of 55-62. The whole rock contents of Mo ranged from 0.06 
to 0.86 ppm, with an average of 0.40 ppm. Similar to the Little Cottonwood stock and the White 
Pine intrusion, the dykes are characterised by negative Nb and Ti anomalies (Nb/Nb*=0.10 ± 
0.14; Ti/Ti* = 0.21 ± 0.33), as well as positive Hf anomalies (Hf/Hf* = 0.59 ± 1.4; Appendix 4). 
Normalized to primitive mantle values, there is a depletion of Nb-Ta and Sr. As well, in two 
samples (WP13ES08 and WP13ES10) there is a slight enrichment in Sm and La. These dykes 
display a strong LREE enrichment, with a La/Smcn values of 6.9 ± 7.1 and fractionated HREEs 









This unit is characterized by anhydrous SiO2 values of 70 ± 85 wt.%, Fe2O3 values of 1 ± 
4 wt.%, MgO values of 0.3 ± 1.6 wt.% and a Mg# of 24 ± 54. As well, the whole rock 
geochemistry averaged 84 ppm of Mo, 212.0 ppm of Cu, and 1605 ppb of Ag. The Buckingham 
granites are characterised by negative Nb and Ti anomalies (Nb/Nb*=0.21 ± 0.45, with an outlier 
of 2.18; Ti/Ti* = 0.24 ± 0.58), as well as positive Hf and Zr anomalies (Hf/Hf* = 0.86 ± 2.46; 
Zr/Zr*=0.96 ± 2.37; Appendix 4; Fig. 6.4). The granite shows LREE enrichment, with La/Smcn 
values of 3.18 ± 6.82; and moderately fractionated HREEs (denoted by the Gd/Ybcn values 
ranging from 1.7 ± 3.8; Fig. 6.4). When the Buckingham porphyry granites and the Tertiary 
granites were plotted on a TAS (total alkali-silica) diagram, the data points fell almost entirely in 
the granite field (Fig. 6.3). The outliers were all Tertiary granite samples. 
7HUWLDU\JUDQLWHV 
The rock types vary from monzogranites to very Si-rich granites. As a whole, this unit is 
characterized by anhydrous SiO2 values of 70 ± 85 wt.%, Fe2O3 values of 1-3 wt.%, MgO values 
of 0.4 ± 2.8 wt.% and a Mg# of 29 ± 81. As well, the whole rock geochemistry averaged 4.2 ppm 
of Mo, 166 ppm of Cu, and 606 ppb of Ag. The Buckingham granites are characterised by 
negative Nb and Ti anomalies (Nb/Nb*=0.29 ± 0.97; Ti/Ti* = 0.25 ± 0.53; Fig. 6.4), as well as 
positive Hf and Zr anomalies (Hf/Hf* = 1.06 ± 4.28; Zr/Zr*=0.77 ± 4.28; Appendix 4). The 
granite shows LREE enrichment, with La/Smcn values of 2.1 ± 5.9; and weakly fractionated 








There are two generations of hydrothermal breccias in the study area. The older 
hydrothermal breccias are interpreted to have formed during the emplacement of the 
Buckingham system. The breccias are mineralized with average grades of 9.4 ppm of Mo, 232 
ppm of Cu, and 3372ppb of Ag. In addition to the Buckingham hydrothermal breccias, one 
sample was collected from a hydrothermal breccia interpreted to have formed during the 
emplacement of the Eocene granites. This sample had whole rock grades of 3.0 ppm of Mo, 96 










6.3 U-Pb and Re-Os dating of the White Pine Fork breccia pipe 
The White Pine Fork Mo porphyry is most strongly mineralized at the breccia pipe near 
the southern end of the intrusion. The heterolithic breccia pipe is composed of fragments of a 
felsic intrusive rock thought to be the White Pine intrusion (a leucocratic, K-feldspar and quartz-
porphyritic monzogranite) and hydrothermal quartz fragments. The cement is rusty (primary 
pyrite) Fe-oxides and vuggy quartz. The molybdenite from the hydrothermal cement to the 
breccia was collected in order to determine the age of mineralisation. At the White Pine Fork 
porphyry, two different minerals were dated. Fourteen zircons collected from the granitic clasts 
were dated using U-Pb systematics. As well, samples of the quartz cement and associated Mo 
mineralisation were dated using Re-Os systematics in the molybdenite.  The average U-Pb age 
collected from the granitic clasts was 26.52±0.42 Ma (Table 6.1). This age was determined by 








Pb values of all 14 zircons (Fig. 6.5A). The concordia 
plot shows a mean squared weighted deviation (MSWD) value of 0.52, suggesting that the data 
fell within the statistical error of the analytical uncertainties.  The Re-Os age of the molybdenite 
calculated as 30.21±0.14 and 29.84±0.15 Ma (Table 6.1). The 29.84±0.15 Ma age is a duplicate 
age from the same sample which was reanalysed due to the unexpected age. 
6.4 U-Pb and Re-Os dating of the Battle Mountain Eocene granites 
The granites in the northern portion of the study area were suspected to be younger than 
the Cretaceous Buckingham-related intrusions. In order to test this, samples were submitted and 
the ages determined from these suspected Eocene granites were 38.68±0.53 (from BK13ES048), 
39.28±0.58 (from BK13ES050), 40.76±0.41 (from BK13ES058), and 40.81±0.51 Ma (from 
BK13ES053; Table 6.1). Sample BK13ES048 was dated using 14 zircons which gave ages 





144.0±2 Ma. This zircon is shown on the Concordia diagram as a blue datum point (Fig. 6.5E). 
This concordia plot had a MSWD of 1.8, which infers that the data falls outside of the inherited 
analytical error. Sample BK13ES050 was dated using 14 zircons which gave ages ranging from 
37.3±0.9 to 49.9 ±0.9 Ma with one zircon giving an interpreted inherited age of 132.0±2 Ma. 
This concordia plot had a MSWD of 1.9, which infers that the data falls outside of the inherited 
analytical error (Fig. 6.5 D). Sample BK13ES058 had an age of 40.76±0.41 which was collected 
from 12 zircons and had a range of 39.1±1.2 to 41.7±0.8 Ma. One zircon gave an age (of 
48.6±1.1 Ma), which is suspected to mixing age domains and can be used with caution (Fig. 
6.5B). There were two ages of 148 and 1282 Ma which were interpreted as Pb loss. The MSWD 
value is 0.51 which infers that this concordia age lies within statistical error of the inherent 
analytical error (Figs. 6.5B). Sample BK13ES053 had an age of 40.81±0.51 which was collected 
from 11 zircons and had a range of 40.0± 0.7 to 41.9±1.0 Ma. There were three ages which were 
interpreted as inherited, Proterozoic ages. The MSWD value is 0.46 which infers that this 
concordia age lies within statistical error of the inherent analytical error (Figs. 6.5C). These ages 
confirm the younger, Eocene age, as opposed to being related to the Cretaceous magmatism in 
the study area.«««««««««««««««««««««««««««««««« 
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The White Pine and Little Cottonwood igneous quartz samples showed very little 
variation in the concentrations of trace elements. The more common Si-substituting elements, Ti 
(varied from <1 to 82 ppm, with a mean of 26.93 ppm) and Al content ranges (varied from 20 to 
127 ppm with a mean of 57.12 ppm) were larger than the other elements. Bismuth (<0.3700 
ppm) and Ge (<3.300 ppm) were also not very abundant in the igneous quartz. The highest 
values of Li (mean of 3.557 ppm), K (5.598 ppm), and Na (10.95 ppm) are associated with some 
of the highest concentrations of Al. Gold was at very low levels in the igneous quartz (below 
detection limits in 24 out of the 45 samples). The heavy metal content in the quartz spiked and 
these high values were not representative of the entire quartz grain. Fe had a mean of 28.69 ppm 
and a median of 2.100 ppm (two samples at 582 and 298 ppm) and Cu had a mean of 0.3273 
ppm and a median value of 0.1480 (one sample spiked at 5.70 ppm ). This spike was identified in 
the LA-ICP-MS data and they are interpreted here to represent mineral inclusions. In the igneous 
quartz at White Pine, the concentrations of As (<7.900 ppm, average of 2.151 ppm) and Sb 
(<0.2600 ppm, average of 0.0277 ppm) had more consistent values than other metals (Table 7.1). 
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In addition to the igneous quartz samples, hydrothermal quartz, found in veins (132 
spots) and as breccia cement (21 spots) which were associated with the emplacement of the 
intrusion, were also analysed. The selected vein quartz crystals from the Little Cottonwood and 
White Pine intrusions were large and sometimes showed oscillatory compositional zoning in 
cathodoluminescence images (Fig. 7.3). The breccia quartz cement was characterized by a 
marked increase in other mineral inclusions (i.e., sulphides and adularia) relative to the quartz 
veins in the rest of the samples. The breccia cement samples have similar Al values (mean of 
75.27 ppm) to the vein quartz (mean of 147.0 ppm). Titanium varied from 1 to 79 ppm, with an 
average of 29.41 ppm in the vein quartz. The mean Ti value from the breccia cement samples is 
37.60 ppm.  Bismuth (mean is 0.0511 ppm in the vein quartz and 0.0032 in the breccia cement) 
and Ge (mean of 1.816 ppm in the vein quartz samples and 1.052 ppm in the breccia samples) 
were also not very abundant in the hydrothermal quartz. In the vein quartz, Li has a mean of 
3.747 ppm, K, 19.32 ppm, and Na, 25.01 ppm. The breccia cement samples show that the Li 
(mean of 3.655 ppm), K (16.82 ppm), and Na (16.89ppm) values are similar to the vein quartz. 
Au was not recorded in significant amounts in the hydrothermal quartz or breccia cement. Iron 
(mean of 16.26 ppm in the vein quartz and 6.280 ppm in the breccia cement) and Cu (average of 
0.4282 ppm in the vein quartz and 0.2912 ppm in the breccia cement) occur as inconsistent 
spikes and are not homogenous values. The concentrations of As (average of 3.526 ppm in the 
vein quartz and 6.756 ppm in the breccia cement) and Sb (average of 0.3257 ppm in the vein 













Breccia cement quartz 
(nmax=21) 
Li7 3.747 3.557 3.655 
Na23 25.01 10.95 16.89 
Mg24 1.861 0.3823 0.8854 
Al27 147.01 57.12 75.27 
P31 17.12 16.46 13.42 
K39 19.32 5.598 16.82 
Ca43 31.40 35.40 39.34 
Ti47 29.41 26.93 37.60 
Ti49 29.34 27.15 37.65 
V51 0.0207 0.0261 0.0295 
Cr53 0.0819 0.1043 0.0673 
Mn55 0.2092 0.1330 0.4179 
Fe57 16.26 28.69 6.280 
Cu63 0.4282 0.3273 0.2912 
Cu65 0.4614 0.3257 0.4039 
Zn66 0.1297 0.3098 0.1428 
Ge74 1.816 1.220 1.0518 
As75 3.526 2.151 6.756 
Rb85 0.0715 0.0457 0.0975 
Sr88 0.1979 0.1227 0.0815 
Zr90 0.0139 0.0055 0.0056 
Ag107 0.0268 0.0099 0.0207 
Sb121 0.3257 0.0277 0.0162 
Cs133 0.0164 0.0185 0.0539 
Gd157 0.0060 0.0046 0.0082 
Hf178 0.0031 0.0031 0.0037 
Ta181 0.0011 0.0018 0.0010 
Au197 0.0061 0.0045 0.0055 
Pb208 0.1040 2.518 0.0814 
Bi209 0.0511 0.0247 0.0032 








At Buckingham, the quartz was categorised as sedimentary, igneous, vein or breccia 
quartz. The sedimentary quartz was collected from the Harmony Formation quartzites whereas 
the igneous grains were sourced from the Buckingham intrusions. In the field, quartz in veins 
that were cross-cutting the host rocks (identifiable as belonging to the Buckingham system by 
being mineralized or belonged to a quartz stockwork) was sampled. These quartz samples were 
classified as the hydrothermal quartz. The breccia quartz samples were BK13ES025 and 
BK13ES104, collected from areas of intense hydrothermal alteration and mineralisation. The 
breccia samples were separated from the hydrothermal vein quartz samples due to their increased 
sulphide content and mineral evidence of intense hydrothermal alteration.  
From the samples collected at the Buckingham Mo (-Cu) porphyry, a total of 384 quartz 
spot analyses, with 75 rejected runs (19%), were collected. From these analyses, 77 spots 
sampled sedimentary quartz detrital grains from the quartzites of the Harmony Formation. The 
composition of these grains varied due to their multiple sources prior to erosion and deposition. 
The grains often appeared fragmented and compositionally homogeneous or irregular with 
cathodoluminesence imaging (Fig. 7.2 and 7.5).  
In the sedimentary rocks, a wide range in values is expected due to the multiple sources 
of the detrital quartz. In the sedimentary quartz, Ti has a mean of 41.38 ppm and Al has a mean 
of 110.7 ppm in the sedimentary quartz. Bismuth (<0.040 ppm) and Ge (<3.600 ppm) had low 
contents in the sedimentary quartz. The highest Li (mean of 5.419 ppm), K (25.37 ppm), and Na 
(17.97 ppm) contents correlate with the highest Al contents.  Iron (mean of 14.37 ppm), Cu 
(average of 0.3705 ppm), Pb (average of 0.115 ppm), and Zn (average of 0.2843 ppm) values 





recorded in significant amounts in the sedimentary quartz (below detection limits in 38 out of the 
78 samples). In the sedimentary quartz, the concentrations of As had a mean of 0.6987 ppm and 
Sb averaged 0.1151 ppm.  
In addition to the sedimentary quartz in the quartzites, there were 13 usable spots from 
the Buckingham intrusion. These samples, partially due to their smaller sample size, showed a 
narrower range in data. Titanium had a mean of 51.81 ppm, Al, 105.4 ppm and Bi and Ge were 
0.0020 ppm and 1.531  ppm, respectively. Lithium (mean of 9.093 ppm), K (11.22 ppm), Ca 
(34.52 ppm) and Na (15.61 ppm) increase with higher concentrations of Al and Ti.  The metal 
cations, Fe (mean of 4.397 ppm), Cu (average of 0.2666 ppm), Pb (mean of 0.0892 ppm), and Zn 
(mean of 0.2138 ppm) values show heterogeneous concentrations within a single quartz grain. 
As well, high concentrations of Pb and Zn often correlated. Gold was not present in significant 
amounts in the igneous quartz (below detection limits in 7 out of the 13 samples). The As values 
in the igneous quartz (mean of 2.741 ppm) and the Sb (mean of 0.0318 ppm) were homogenous 
throughout the crystal (Table 7.2) 
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The hydrothermal quartz at Buckingham was classified in to two categories: vein quartz 
and breccia cement (Figs. 7.1 and 7.2). There were 218 usable spots collected from quartz veins 
(193 spots) and from hydrothermal breccias with a quartz and primary sulphide cement (25 
samples). The vein quartz Ti and breccia cement Ti contents averaged 24.52 and 8.589 ppm, 
respectively. The Al content of the breccia quartz is higher than the vein quartz (average of 1067 
ppm and 218.4 ppm, respectively). Vein quartz Bi (<0.050ppm) and Ge (<5.800 ppm) were 
similar to the breccia cement quartz Bi (<0.0300 ppm) and Ge (<5.500 ppm) values. The vein 
quartz has a mean of 10.48 ppm Li and the breccia cement has a mean of 90.59 ppm, with some 
values in the breccia cement reaching ~560.0 ppm. The K has a mean of 37.63 ppm in the vein 
quartz and 134.7 ppm in the breccia cement and the Ca values has a mean of 46.54 ppm in the 
vein quartz and 237.3 ppm in the breccia cement. The amount of Fe in the vein quartz (mean of 
45.42 ppm) is lower than the breccia cement (mean of 68.10 ppm). The vein quartz shows Cu 
values averaging 3.743 ppm, Pb averaging 0.1559 ppm, and Zn averaging 0.3407 ppm. The 
breccia samples also contain higher amounts of Zn (mean of 5.457 ppm) with a similar amount 
of Cu (mean of 1.332 ppm) and Pb (0.4598 ppm) to the vein quartz. Au was not recorded in 
significant amounts in the hydrothermal quartz at Buckingham. The highest amount of As and Sb 
in the hydrothermal quartz was in the breccia cement quartz (mean of 28.41 ppm and 6.610 ppm, 
respectively). The vein quartz contained, for comparison, a mean of 2.197 ppm As and 0.1954 
















Li7 10.48 9.0926 5.419 90.59 
Na23 19.13 15.61 17.97 12.97 
Mg24 2.101 0.9846 1.851 80.62 
Al27 218.4 105.4 110.7 1067 
P31 16.16 17.13 14.74 17.85 
K39 37.63 11.22 25.37 134.7 
Ca43 46.54 34.52 39.32 237.3 
Ti47 24.52 51.81 41.38 8.589 
Ti49 24.81 50.76 42.00 9.353 
V51 0.2533 0.02112 0.02840 1.538 
Cr53 0.2357 0.1037 0.1101 0.3379 
Mn55 0.8203 0.3544 0.7972 5.767 
Fe57 45.42 4.397 14.37 68.099 
Cu63 3.743 0.3128 0.3705 1.332 
Cu65 3.967 0.2666 0.4125 1.400 
Zn66 0.3407 0.2138 0.2843 5.457 
Ge74 1.829 1.531 0.9722 1.411 
As75 2.197 2.741 0.6987 28.41 
Rb85 0.1835 0.06183 0.1349 0.9150 
Sr88 0.3425 0.09157 0.2374 0.6879 
Zr90 0.03454 0.08375 0.02211 0.2821 
Ag107 0.05397 0.03235 0.01747 0.05314 
Sb121 0.1954 0.03184 0.1151 6.610 
Cs133 0.05814 0.02867 0.03462 0.1591 
Gd157 0.02162 0.005938 0.007606 0.01277 
Hf178 0.003797 0.006097 0.003793 0.009742 
Ta181 0.001571 0.001261 0.002028 0.004765 
Au197 0.006364 0.004508 0.005183 0.003384 
Pb208 0.1559 0.08924 0.1185 0.4598 
Bi209 0.005130 0.002008 0.004814 0.006723 










The pyrite at the Buckingham study site was difficult to analyse (Fig. 7.11). The majority 
of the Fe sulphides were partially or completely altered to Fe-oxides and hydroxides due to the 
extensive supergene alteration in the study area. The relict pyrite grains showed well-developed 
weathering rinds composed of Fe-oxides and Fe-hydroxides (Figs. 7.12, 7.13 and 7.14). 
Sulphides were analysed from three samples of pyrite and two samples of arsenian pyrite. Spot 
analyses of the sulphides do not include samples of the weathering rind. In total, 31 spots were 
collected from arsenian pyrite and 30 spots were collected from pyrite. As well, three maps were 
created of the three pyrite samples in order to investigate any compositional variations. Upon 
creating the maps, it was observed that all of the pyrite samples showed a weathering rind 
enriched in Au, Cu, and Mo. 
 The arsenian pyrite contained a mean of 27.57 ppm of Au and 50.56 ppm of Ag. The 
arsenian pyrite samples also contained 0.5688 ppm of Mo. The three samples of pyrite a had 
mean of 0.0023 ppm of Au, 0.1776 ppm of Ag and 0.1197 ppm of Mo. The arsenian pyrite 
contained much more As (mean of 121 778 [~12.2 wt %] ppm vs 69.69 ppm [<0.01wt %] in the 
pyrite) and Sb (mean of 1360 ppm vs. 0.0738ppm in pyrite). The heavy metals means in the 
arsenian pyrite were Co (mean of 107.7 ppm), Ni (54.77 ppm), Cu (852.0 ppm), Zn (784.1 ppm), 
and Pb (1176 ppm). In the pyrite, the mean values of the heavy metal contents were lower for Cu 
(0.9671 ppm), Zn (0.2428 ppm), and Pb (4.490 ppm) and higher for Co (mean of 244.8 ppm) and 
Ni (177.4 ppm). The Co and Ni element maps from the pyrite samples show distinct 








Chapter 8: Discussion 
3HWURJUDSK\RIWKH:KLWH3LQH)RUN0RSRUSK\U\ 
The two granites in the White Pine Fork Mo study area were both categorized as 
monzogranites and syenogranites using the QAPF diagram (Fig. 4.3). The younger White Pine 
intrusion is characterised by a higher SiO2 consistent with the higher the modal percent of quartz 
and the formation of quartz phenocrysts compared to the Little Cottonwood stock.  The rocks in 
or adjacent to the White Pine intrusion show a slightly higher degree of alteration, likely due to 
its proximity to the breccia pipe. The zone of intensely altered feldspars characterised by >80% 
replacement of the feldspar by sericite or other white micas, surrounds the breccia pipe and 
trends away from the White Pine Fork breccia (Fig.8.1).  
The SWIR data from White Pine Fork were used to define muscovite and phengite 
domains as these were the two most common minerals found. In hydrothermal systems, phengite 
forms at 300°C during phyllic alteration and is often associated with coarse-grained, primary-
growth quartz veins (Bongiolo et al., 2008). Meunier and Velde (1982) noted that the formation 
of phengite and muscovite in hydrothermally altered granites typically progresses from a Mg-
rich fluid (formation of phengite) to the crystallisation of muscovite. The rough zonation of a 
muscovite>phengite core and the occurrence of phengite>muscovite primarily in the distal Little 
Cottonwood unit suggests a cooler, more Mg-rich fluid in the periphery of the system (Fig. 8.2). 
Petrographic characterisation of the distal muscovite suggests that it is igneous rather than 
hydrothermal suggesting that the alteration halo is limited to approximately 1500 m. 
John (1997) described the alteration associated with the White Pine Fork Mo porphyry as 
consisting of stockwork veins and vein selvages, fracture-controlled and disseminated pyrite with 





pyrite ± fluorite ± molybdenite alteration. The results of this study are broadly consistent with 
those observations except that molybdenite and calcite were not observed outside of the breccia 
pipe and sample WP13ES65, the other minerals, including fluorite were observed throughout the 
study area. However, the detailed work undertaken in this study makes it possible to better define 
the extent of the alteration halos. In addition to the intensity of the sericitization of the feldspars, 
the pyrite alteration halo was also mapped.  The pyrite halo formed as the result of the alteration 
of primary magnetite and hydrothermal magnetite being altered to pyrite as well as the formation 
of the quartz-pyrite-sericite veins from the White Pine hydrothermal system. At White Pine Fork, 
the pyrite halo occurs within the muscovite zone (Fig. 8.2).  
The mineralogy of the lamprophyres is consistent with minettes ± a lamprophyric rock 
characterised by a dominant biotite and K-feldspar mineralogy. Tingey et al. (1991) discussed 
the wide-spread Tertiary lamprophyric magmatism related to the tectonics of Basin and Range 
province in the Wasatch Plateau in north-eastern Utah. They reported similar lithologies and 














Both the Cretaceous and Eocene granites are coarse-grained quartz and K-feldspar 
porphyritic granites with a quartz±orthoclase±plagioclase groundmass that has undergone 
variable degrees of hydrothermal alteration. In the Cretaceous granites, any primary 
ferromagnesian minerals have been completely replaced, whereas in the Eocene granites, 
hornblende, biotite, and titanite were observed. Theodore et al. (1992) noted that clinopyroxene 
is observed in some portions of the Eocene intrusions.  
Both suites of granites from this study are characterised by feldspars that are partially to 
completely replaced by white micas ± clay minerals ± sericite by possible, separate hydrothermal 
events occurring in different loci within the mapping area. The quartzites contained sericite-
altered feldspar clasts as well as an altered micaceous, interstitial groundmass. Both the granites 
and quartzites contained relict minerals interpreted to have originally been hydrothermal pyrite 
that have undergone supergene weathering to form hematite, goethite and jarosite. In addition 
five samples collected contained pyrite. This is consistent with the observations of Theodore et 
al. (1992) who identified a phyllic alteration zone around Buckingham comprised of pyrite ± 
white mica ± quartz as veins and disseminated throughout the granites and quartzites. In addition 
Theodore et al. (1992) reported that localized portions of the Cretaceous monzogranites which 
had been hydrothermally altered were characterised by plagioclase feldspars altered to white 
micas and clay minerals and the rock occasionally becoming silicified. Similar silicification was 
observed in the hydrothermal breccias and well-veined rocks where quartz flooding resulted in 
very fine-grained, annealed grains in samples BK13ES104 and BK13ES016.  
SWIR data collected in this study are consistent with an advanced argillic alteration 







Molybdenum porphyry deposits are typically associated with granites and bimodal 
volcanism related to regional rifting and extensional tectonic activity in continental crust 
(Kirkham and Sinclair, 1996). Keith et al. (1995) suggested that the transition from 
compressional to extensional tectonics in a suprasubduction zone environment, in addition to 
emplacement in a thick continental crust, allows late-stage melts time to fractionate and become 
contaminated by subcontintental lithospheric mantle to the degree needed to concentrate Mo in 
the melt. The melt generated above the subducting slab would initially retain a MORB 
geochemical signature. However, dehydration of the downgoing slab will generate fluids that are 
enriched in large ion lithophile elements (K, Rb, Cs, Th, and LREEs) relative to the primitive 
mantle source melt.  
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The granites from the White Pink Fork area are geochemically similar. Both the Little 
Cottonwood stock and the White Pine intrusion, are characterised by LREE enrichment, depleted 
high field strength elements (HFSEs) and fractionated HREEs. This geochemistry is consistent 
with magmas derived from a subarc mantle melt (Kay and Mpodozis, 2002; Hollings et al., 
2011a, b). The lamprophyres show similar geochemistry to the granites suggesting that they may 
have been derived from a broadly similar source region. Tingey et al. (1991) discussed the origin 
of lamprophyres cross-cutting the Little Cottonwood stock and suggested that they were 
generated by the fractionation of an ultrapotassic, ultramafic melt sourced from the 
asthenosphere.  3UHOHYLüHWDOargued that the isotopic signatures of minettes could be the 
result of mixing of ultramafic melts with a dacitic magma. Lamprophyric melts are associated 





processes (Mitchell and Bergman, 1991). In active tectonic margins, lamproites may be 
associated with calc-alkaline lamprophyres and calc-alkaline silicic magmatism, so that the 
mixing of melts with a dacitic melt is possible in this tectonic environment (3UHOHYLü HW DO, 
2004). At White Pine Fork, the geochemical signature of the granites is consistent with a tectonic 
environment of a convergent plate margin which could generate these late-stage, calc-alkaline 
lamprophyric melts. 
Vogel et al. (1997; 2001) compiled the geochemistry of the intrusions of the Wasatch 
range. The Little Cottonwood and White Pine whole rock geochemistry from this study can be 
compared to geochemistry collected for regional data sets. When plotted on a TAS diagram, 
there is an evolution in the melt composition from a less silicic melt (Clayton Peak and 
Flagstaff/Mayflower intrusions) to an intermediate composition (Alta stock) to a granitic, more 
Si-rich rock with time (Little Cottonwood stock; Fig. 8.4). The estimated paleodepths by John 
(1989) and the ages calculated in this study and by the P1060 project further support an evolving 
melt in the Wasatch range (Figs. 8.5 and 8.6). The new ages of the project infer that the 
Mayflower, Flagstaff and Clayton Peak stocks are the oldest intrusions in the Wasatch range 
(emplacement ages of 41 ± 34.5 My; John, 1989). The oldest intrusions would be the first to 
crystallize and would be the least fractionated, or evolved. These intrusions also crystallized at 
the shallowest depths (0.5 ± 4 km). The Alta stock has an intermediate composition (diorite to 
granodiorite) between the predominantly monzonite and monzodiorite compositions of the 
Flagstaff, Mayflower, and Clayton Peak stocks and the granite composition of the Little 
Cottonwood stock. The Alta stock was emplaced ~35-33 Ma at depths of 5.5-6.5 km (John, 
1989). The Little Cottonwood stock has an estimated emplacement depth of 6 ± 12 km and is the 





intrusions from intermediate to felsic compositions with age and emplacement depths indicates a 
progression of melts undergoing increased fractionation and assimilating more crustal material. 
Data from John (1999) show the evolution of the melts by the degree of crustal contamination. 
Rubidium is more compatible than Sr in melts and, therefore, during the formation of continental 





Sr  ratios can be used to investigate the amount of crustal contamination 












Sr ratios in the more evolved granites (Little Cottonwood, ranges from 0.70765 to 
0.70845) which steadily decreases with the less evolved suites of the Clayton Peak and Pine 
Creek stock (0.70665 to 0.70708). The Mayflower stock has an anomalously high value 
(0.70812; Fig. 8.6).  
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8.3.2 Magma fertility at White Pine Fork 
The whole rock trace element geochemistry of the granites at White Pine Fork shows 
similarities to adakitic rocks often associated with volcanic arc rocks, notably those which host 
porphyry deposits and have been suggested to be linked to the mineralisation process (Defant 
and Drummond, 1990; Defant and Kepezhinskas, 2001; Chiaradia et al., 2009, 2012; Schütte et 
al., 2010). Adakitic (fertile) magmas are thought to form melts of subducted oceanic slabs that 
interact with mantle-wedge peridotite rocks during ascent (Defant and Drummond, 1990). The 
geochemical signature of adakites is a low Y (<18 ppm), Yb (<1.9 ppm) and other HREE with a 
high Sr content (>400 ppm; Defant and Drummond, 1990). A result of high pressure melting of 
garnet-bearing mantle rocks under hydrous conditions where the plagioclase (containing Sr) is 
assimilated into the magma and garnet and amphiboles (which contain the Y, Yb and HREEs) 
remains in the residue. At White Pine Fork, the Little Cottonwood and the White Pine intrusions 
(after being screened for LOI values greater than 1% to minimize the effect of alteration) fall 
within the fertile adakite fields on Sr/Y vs. SiO2 and Sr/Y vs. Y plots (Figs. Xx and xx, 
respectively). In Figure xx, the data fall mostly within and near the Si-rich portion of the ore-
forming rock field, as defined by Rohrlach and Loucks (2005) using modern day Pacific arc rock 







Figure 8.7: (Top) Sr/Y vs. SiO2 and (bottom) Sr/Y vs. Y diagrams for the White Pine Fork study area. The Little 









WKH HOHPHQWV ZLOO IDOO LQ D VWUDLJKW OLQH ZKHUHDV DQ\ GHYLDWLRQV IURP WKLV OLQH LQGLFDWH D
VWDWLVWLFDOO\DQRPDORXVYDOXH2QWKHSORWVLQ)LJXUH;[DQRPDORXVO\KLJKYDOXHVSORWDERYHWKH














The two suites of granites from the Buckingham area are characterised by similar 
geochemical signatures with LREE enrichment, fractionated HREE and negative Nb, Ta and Ti 
anomalies characteristic of a subarc mantle melt source (Kay and Mpodozis, 2002; Hollings et 
al., 2011a, b). The whole rock average concentrations of 83.5 ppm of Mo in the Cretaceous 
granites are much higher than background crustal levels (Newsom and Palme, 1984; Newsom et 
al., 1986). The trace element geochemistry supports the subduction zone model for the formation 
of a porphyry deposit.  
8.3.5 Whole rock geochemistry mapped hydrothermal alteration 
At Buckingham, the whole rock geochemistry was also used to interpret different types of 
hydrothermal alteration in the homogenous quartzites. Using the same methodology as at White 
Pine Fork, maps for Mo, Cu, Au, Ag, Pb, Li, As, and Sb around the Buckingham intrusions were 
created (Figs. Xx and xx). Once the contours for anomalous values were plotted, the maps were 
consolidated into a single map (Fig xx). Above background levels of Mo, Cu, Au and Ag 
identified areas of increased mineralisation and potassic alteration (Halley et al., 2015). Adjacent 
to this inferred potassic alteration, there was a corridor of depleted Pb and As which is indicative 
of an extension of this potassic alteration. South of this alteration zone, increased Li and Sb 
suggest an over-printing phyllic alteration (Fig. Xx). There is a second corridor of increased Au 
and Ag contents to the south of the Buckingham intrusions but the absence of elevated Mo and 
Cu, suggests that this mineralisation is not related to the deeper porphyry mineralisation, but 
rather to mineralisation and alteration similar to that found in a lithocap (Cooke et al., 2014; 








analyses was undertaken which yielded a similar age of 29.84±0.15 Ma. Given that the Mo 
samples came from the quartz cement breccia and not granitic clasts in the intrusion the apparent 
age discrepancy is hard to explain. The ~30 Ma age of the Mo mineralisation falls within the 
error of the Little Cottonwood intrusion which is difficult to reconcile given that it is hosted in 
and associated with younger clasts of the White Pine intrusion. One possibility is that the Mo 
mineralisation is inherited from the older intrusion and was remobilised during hydrothermal 
alteration, however there is no evidence for inherited Re-Os ages in Mo associated with porphyry 
systems (R. Creaser, 2014: pers. comm.). Further study is needed to resolve this issue. 
(RFHQHJUDQLWHJHRFKURQRORJ\ 
The new U-Pb ages determined for the Eocene granites for this study are 38.68±0.53, 
39.28±0.58, 40.76±0.41, and 40.81±0.51 Ma and they clearly postdate formation of the 
Buckingham system, which has been dated at 92.2 ± 1.4 Ma to 98.8 ± 2.0 Ma (Keeler, 2010).  
Previous studies of the granitoid bodies found in the northern part of the study area by Keeler 
(2010) and McKee (1992) obtained several dates which ranged from 38.7 ± 0.6 Ma to 39.9 ± 0.7 
Ma. The U-Pb ages were calculated from LA-ICP-MS data collected from zircons in the granitic 
rocks (Keeler, 2010). There were other K-Ar and Ar-Ar ages from muscovite/sericite, 
hornblende, biotite, and chlorite collected from other igneous rocks in the area in the two studies. 
However, these ages are younger than the U-Pb ages created from the same samples. And have 
been interpreted as the result of resetting ages. 
The Battle Mountain area is located west of the Roberts Mountains thrust, part of the 
larger Eureka mineral belt (Fig. 3.1). Cline et al. (2005) proposed a genetic model for all of the 
Carlin-style sedimentary-hosted Au deposits in Nevada, linking them to the emplacement of K-





reported in this study suggest that the intrusions are coeval with the Tertiary volcanism and 
granitic intrusions associated with Carlin-style Au mineralisation (Henry and Ressel, 2000).  
Other features that support this interpretation include the gold-rich rims seen around pyrite grains 
(Figs. 7.12, 7.13, 7.14) as the gold in Carlin deposits is typically hosted in Au-rich rims on As-
rich pyrite and marcasite or arsenopyrite (Cline et al., 2005). The majority of the Carlin deposits 
are also associated with skarn alteration similar to that seen in Copper Basin (Seedorff et al., 
2005). The presence of the Tertiary granites in Copper Basin, which can be genetically linked to 
other intrusions in the region which host Au mineralisation, suggests the hydrothermal fluids 
could create the initial hypogene Au mineralisation seen surrounding the pyrite grains and other 





Chapter 9: Mineral Chemistry and Applications 
The WUDFHHOHPHQWJHRFKHPLVWU\RITXDUW]DQGS\ULWHZDVLQYHVWLJDWHGIRU WZRSXUSRVHV
7KHILUVWZDVWRLQYHVWLJDWHSRVVLEOHJHRFKHPLFDOYHFWRUVWRWKHFHQWUHRIWKHGHSRVLWZKLFKFRXOG
DLG LQH[SORUDWLRQ IRURWKHUSRUSK\U\V\VWHPV7KHVHFRQGZDVDVD ILQJHUSULQWLQJ WRRO WRKHOS
GLVWLQJXLVKEHWZHHQK\GURWKHUPDOGHWULWDOLJQHRXVDQGEUHFFLDFHPHQWTXDUW] 
4XDUW] 
Quartz is a very common mineral in porphyry and epithermal systems. It is also a very 
common rock-forming mineral, and occurs as a major constituent in host rocks and related 
porphyry intrusions. In epithermal to mesothermal environments (<300°-350°C), quartz will 
precipitate with a decrease in temperature, with its maximum solubility in the fluid phase 
occurring around 350°C (Corbett and Leach, 1998). At higher temperatures >350°C, increases in 
temperature and pressure significantly increase the solubility of quartz. The silica-rich zone often 
present in the roof of porphyry systems is the result of a rapid temperature, pressure, and salinity 
decrease of the ascending fluids possibly associated with the change from a lithostatic to a 
hydrostatic regime and result in the formation of quartz stockwork systems (Corbett and Leach, 
1998). Between 300°-350°C, these physical (i.e. pressure) and chemical variations (i.e., mixing 
with meteoric water and salinity) have a moderate influence on quartz deposition (Corbett and 
Leach, 1998; Rimstidt et al., 1998 ).  
Quartz (SiO2) is an exceptionally stable and unreactive framework silicate mineral with 
strong Si-O bonds that do not allow for a lot of elemental substitution, interstitial elements or 
microinclusions. Muller et al. (2003) showed that trace elements may replace Si in the crystal 




























, and H2O are common interstitial elements and compounds which serve the 
purpose of charge balancing, typically Al
3+
 (Dennen, 1966; 1967; Dennen et al., 1970; Lehmann, 
1975; Weil, 1984, Breiter et al., 2013). In addition to the structural impurities, quartz frequently 
contains solid and fluid inclusions which may be difficult to distinguish from true element 
substitution or interstitial trace elements during LA-ICP-MS analysis. Finally, Al, Fe, and alkali 
metals (i.e., Li and K) form atomic couplings and substitute for Si, especially in low-temperature 
quartz (Muller et al., 2003 and references therein).  
The substitution of elements into the quartz crystal structure is largely controlled by the 
physical and chemical characteristics of the hydrothermal fluids or the magmatic melt. In 
igneous rocks, the enrichment of Al, Li, Ge, and Be in magmatic quartz is observed in highly 
fractionated facies of both S- and A-type plutons (Breiter et al., 2013). The increased 
concentration of these elements in the minerals reflects their increased occurrence in the evolved 
melt. Breiter et al. (2013) noted that, in addition to the decreasing partitioning of Ti into quartz, a 
decrease in temperature and pressure facilitates the substitution of Al in the crystal lattice. 
However, the more important variable is the fluid chemistry, for example Rusk et al. (2008) 
stated that a high Al concentration in hydrothermal quartz does not entirely reflect temperature of 
quartz precipitation (except for it being <350°C). Rather, it most likely reflects the aqueous Al 
concentration. A lower fluid pH greatly increases the solubility of Al and may be indicated by 
the presence of kaolinite which is indicative of acidic fluids (Rusk et al., 2008). Li
+
 acts as a 
charge balancing cation for another cation ± usually Al
3+
 (Muller et al., 2003).  The increased 
incorporation of Al in the quartz crystal structure may account for the increase of Li to stabilize 
the lattice bonds. As well as Li and Al, the occurrence of Sb is common in quartz crystallizing in 





deposits up to tens of ppms in quartz (which forms at ~200-300 ºC). However, Sb is not often 
detectable in Mississippi valley deposits, Carlin, or porphyry-Cu quartz and its occurrence is not 
correlative to other elements in quartz (unlike Al and Li).  
Breiter et al. (2013) showed that, in addition to the increased occurrence of Al, Li, Ge, 
and Be, an evolved melt is typically characterised by a strong depletion of Ti, and that the 
composition of the quartz phenocrysts will likely reflect the melt evolution. The ability for Ti to 
substitute for Si in quartz increases with the temperature of formation (Rusk et al., 2008; Rusk, 
2010). This relationship between Ti and temperature allowed Wark and Watson (2006) to 
constrauct a titanium-in-quartz (TitaniQ) geothermometer. The geothermometer is based on the 
concept is that the Ti concentration in quartz is dependent on the temperature of formation as 
higher temperatures will result in more Ti directly substituting for Si in the quartz lattice. The 
geothermometer is most accurate when the activity of Ti is controlled by a pure TiO2 mineral 
phase, typically rutile, or sphene (Wark and Watson, 2006; Thomas and Watson, 2011).  
However, the accuracy of the equation can be improved by considering additional geologic 
constraints such as pressure during formation and the Ti isotope used. In a study of granites and 
coeval felsic volcanic rocks, Breiter et al. (2011) showed that large variations between the Ti-
rich core and Ti-depleted rims of quartz grains were the result of crystallization during a sudden 
decrease in pressure accompanied by a moderate temperature reduction. In addition to their 
relative concentrations in a melt, the temperature and pressure conditions of the crystallizing 
fluid will control the fractionation of Ti into the quartz structure with the increased Ti in quartz 
indicating higher temperatures of formation. Consequently, the presence of Ti-rich quartz should 









The concentrations of all the elements in the hydrothermal quartz collected by LA-ICP-
MS were plotted against their distance from the centre of the deposit. Lithium shows the most 
promising trend, with the data showing a slight increase away from the centre of the deposit (Fig. 
9.6). The increase of Li peaks at ~1000 m and then decreases until the edge of the data study 
DUHDJHQHUDWLQJDJHRFKHPLFDOµVKRXOGHU¶as has been noted in other mineral chemistry vectoring 
studies (e.g. Cooke et al., 2014; Wilkinson et al., 2015). The past studies explained geochemical 
shoulders as representing the limit of the hydrothermal system. Some of the element data 
becomes more erratic past 1300 m distance from the centre of the deposit. Titanium, Al, and Li 
in quartz have been used as geochemical vectors in other Mo-porphyry studies (Baig, 2015).  
,JQHRXVVHGLPHQWDU\DQGK\GURWKHUPDOTXDUW]DW%XFNLQJKDPSRUSK\U\ 
Quartz trace element geochemical footprint 
Four types of quartz were identified at Buckingham: vein quartz, breccia cement, igneous 
quartz and the sedimentary detrital quartz grains. The sedimentary quartz was collected from the 
Harmony Formation quartzites, whereas the igneous crystals were sourced from the Cretaceous 
Buckingham intrusions. The vein quartz included quartz occurring in veins cross-cutting the host 
rocks and the breccia samples that were collected from areas of intense hydrothermal alteration 
and increased mineralisation. In the samples which recorded values above the detection limit, the 
sedimentary quartz trace element geochemical values were different and often distinguishable 
from the hydrothermal and breccia cement samples with low concentrations of As and Sb. The 
primary difference between the breccia cement quartz and the other three quartz types was the 
higher trace element abundances and mineral inclusions in the breccia quartz. The breccia 
cement at the centre of the deposit showed the highest concentration of Al, Li, K, Ca, As, Sb and 





in quartz. The sedimentary quartz is interpreted to have multiple sources (including high 
temperature magmatic sources that yielded the high Ti quartz grains) and modes of generation 
prior to its erosion and deposition. 
In the igneous samples, Ti (mean of 52 ppm), Al (mean of 105 ppm), Bi (<0.001 ppm) 
and Ge (<2.5 ppm) were within normal ranges for similar igneous quartz samples (e.g., Breiter et 
al., 2013; Muller et al., 2003). The vein quartz and breccia cement Ti (mean of 24.4 and 8.6 ppm, 
respectively) are lower than the average igneous and sedimentary quartz values (52 and 41 ppm, 
respectively; Figs. 9.5, 9.6, 9.7, 9.8). Lithium (mean of 9.1 ppm), K (11.2 ppm), Ca (12.5 ppm) 
and Na (11.7 ppm) also fall within normal ranges for igneous quartz and some of the higher 
concentrations of the charge balancing cations show a correlation with increased Al and Ti. All 
four types of quartz show similar Na, Li, K, and Ca values.  
There is an increase in the Li content of the breccia quartz relative to the background 
igneous quartz. The igneous quartz had a mean of 9.1 ppm Li, the vein quartz has a mean of 10.5 
ppm and the breccia cement 90.6 ppm, with some values reaching ~560 ppm. The Al content of 
the breccia quartz is higher than the vein quartz (mean of 1067 ppm and 218 ppm, respectively). 
Both values are higher than the background igneous Al values (a mean of 105 ppm). 
The As values in the igneous quartz (mean of 2.5 ppm) are slightly higher than the 
concentrations of As in the sedimentary quartz grains (mean of 0.65 ppm) although these values 
are lower than the samples of hydrothermal quartz (Figs. 9.6 and 9.7). Arsenic and Sb are 
important elements in the Buckingham hydrothermal system. The centre of deposit contains a 
significant amount of arsenopyrite and As-rich pyrite. Antimony is geochemically very similar to 









There are two possible vectoring tools in quartz at Buckingham, Al and Sb. The 
concentration of Al in the hydrothermal quartz had the largest range closest to and at the centre 
of deposit. Moving away from the centre the spread of data and maximum value at each point 
decreases with a small spike at ~1500 m (9.9). The elevated sample at ~1500 m is associated 
with an atypical shale host rock which may have affected the results. The other promising 
mineral chemistry vector is Sb, which decreases away from the centre of the deposit (Fig. 9.11). 
Antimony in quartz at Buckingham at detectable levels appears to be restricted to hydrothermal 
quartz within 1800 m of the centre, with the highest concentration found in the samples adjacent 
to the centre. Box and whisker plots were used to ascertain whether the mean content of the 
element decreased, rather than just range of the element. The box-and-whisker plots show that 
the trend in Al is weak and that the trend seen in Sb is much stronger. The geochemical 
conditions under which certain elements partition into quartz are similar to the formation of the 
mineralisation shell in porphyry deposits. Seo et al. (2012) showed at Bingham Canyon that the 
precipitation of Mo was strongly linked to a lowering pH. There is mineralogical (i.e. kaolinite) 
and mineral chemistry (increased Al and Sb in quartz) evidence of acidic fluids at the 
mineralised centres at Buckingham. Although this centre of deposit was selected based on trace 
element chemistry of quartz and pyrite, another centre could have been selected closer to the 
Buckingham intrusions. This new centre would affect the current results. The chosen centre 
(sample BK13ES025) is the geochemical peak for many elements in quartz (e.g., Al, Li, K, Ca, 
As, Sb, Cu, Fe, Zn, and Pb). By choosing another centre, the data for BK13ES025 would cause 
geochemical shoulders by being a peak in those elements when plotting element concentrations 
against the distance to the centre of the deposit. Figure 9.12 shows an alternative centre of 









 At White Pine Fork, the only quartz chemistry vector was Li, which increased away 
from the centre of the deposit. Lithium acts as a charge balancing cation and its occurrence is 
often correlated with Al. At Buckingham, the highest concentration of Li was at the breccia pipe. 
Although these are opposing trends, the increase of Li correlates to an increase of Al at both 
study sites (Fig. 9.17). The substitution of Al into quartz is dependent on its availability in the 
hydrothermal fluids. The dissolution of Al is related to the acidity of the fluid (Breiter et al., 
2013). A mineral indicator of an acidic fluid is the presence of kaolinite (Rusk et al., 2008). At 
Buckingham, several of the SWIR data proximal to the centre of deposit showed kaolinite as a 
prominent mineral suggesting an acidic fluid. This alteration was absent at White Pine Fork and 
calcite was present, implying that the fluids are less acidic at White Pine Fork. The neutral pH of 
the fluid, relative to Buckingham, may be why a peak of Al in quartz at the breccia pipe was 
absent at White Pine Fork. 
The concentration of Ti in quartz is reliant on temperature; an increase in temperature 
results in an increase in Ti substituting for Si (Breiter et al., 2011). At White Pine, the igneous 
quartz does have lower concentrations of Ti than the breccia cement and vein quartz. However, 
at Buckingham, the hydrothermal quartz has lower Ti abundances than the igneous and 
sedimentary quartz (Figs. 9.2 and 9.3). The presence of Ti-rich hydrothermal quartz should 
indicate a closer proximity to the heat source of the porphyry system and, therefore, the 
mineralisation. This result was not seen in either deposit. White Pine Fork is a smaller deposit 
with a weaker alteration halo. The smaller size of the deposit might have resulted in a less well-
developed alteration halo. Buckingham is a much larger deposit with multiple centres of intense 





chemistry suggests BK13ES025 as the centre of the deposit, it is not the only source of fluids in 
the area (i.e. samples BK13ES016, 017 and 104 were also brecciated rocks). The occurrence of 
increased Sb concentration in hydrothermal quartz towards the centre of the deposit is often seen 
in epithermal or low-temperature mineral deposits (Rusk, 2010; Rusk et al., 2014). The presence 
of kaolinite and the other clay minerals may indicate a transition in some of the stratigraphically 
higher parts of the system to an advanced argillic or epithermal-type mineralisation (Valencia et 
al., 2008). This alteration mineral assemblage characterises the formation fluids as being acidic 
and high-temperature, suggesting reasons for the increase of Al and Sb at the centre of the 
deposit. 
&RPSDULVRQVEHWZHHQ:KLWH3LQH)RUN%XFNLQJKDP0$;DQG%LQJKDP&DQ\RQ 
Baig (2015) investigated at the MAX Mo deposit in British Columbia, a Mo porphyry 
deposit with an estimated 1,380,000 tonnes at 0.5% MoS2 and a measured and indicated resource 
estimate of 11,350,000 tonnes at a cutoff grade of 0.2% MoS2 (Roca Mines, 2005). At MAX, 
Baig (2015) documented there was an increase in Ti, Al, and Li in quartz towards the centre of 
the deposit. These geochemical vectors were applied to the data from White Pine Fork. At White 
Pine Fork, the concentration of these elements showed no obvious trends towards the centre of 
the system (Figs. 9.13, 9.14, 9.15). The lack of any strong correlation at White Pine likely 
reflects the small size of the deposit and possibly defines a lower limit for the size of deposit to 
which vectoring models can be applied. It should be noted that at 1000 m from the centre of 
deposit at MAX, there is a sample with increased Ti and Al which indicates that the sample is 










White Pine Fork, Buckingham and Bingham Canyon are all Mo-bearing porphyry 
deposits. Bingham Canyon is a porphyry Cu-Mo-Au deposit in north-central Utah. The mine 
produces about 300,000 tons of Cu, 400,000 ounces of Au; 4 million ounces of Ag, and 30 
million pounds of Mo (Austin and Ballantyne, 2010). The Cu and later Mo mineralisation is 
hosted in separate shells around a barren core and is spatially associated with the Bingham Stock, 
a 2.1 km by 1.8 km equigranular monzonite intrusion, which is in turn intruded by a quartz 
monzonite porphyry dyke (QMP; Austin and Ballentyne, 2010). The stock intrudes Paleozoic 
quartzites, limestones and siltstones. Latite porphyry, quartz latite porphyry, and minette dykes 
intrude the QMP and extend beyond it for up to 7 km (Austin and Ballantyne, 2010).  The 
Bingham stock has a U-Pb zircon age of 38.55 ± 0.19 Ma (Parry et al., 2001).  
 Bingham Canyon is located in the same district as the White Pine Fork porphyry. The 
lithologies and the zircon ages of the two deposits are very similar, making it a good comparative 
study. Quartz data from Bingham Canyon are part of the larger P1060 database. These data, 
when plotted with the White Pine Fork and Buckingham show some similarities and differences. 
The hydrothermal quartz data for Bingham Canyon was plotted on a similar Tukey plot as the 
White Pine Fork and Buckingham deposits. This data were then overlain on the hydrothermal 
quartz White Pine Fork plot (Fig. 9.16) and the hydrothermal quartz Buckingham plot (Fig. 
9.17). The quartz from Bingham Canyon is geochemically similar to both of the deposits in this 
study. The biggest difference is the high amount of Mg and other metals (i.e. Cu, Zn and Pb) in 
the quartz at Bingham Canyon. In Fig. 9.16, the Bingham Canyon hydrothermal quartz data plot 
much higher than the metal content in hydrothermal quartz at White Pine Fork. At Buckingham, 
the metal content in hydrothermal quartz is greater than White Pine Fork, but less than Bingham 








Pyrite (FeS2) is a very common mineral in almost all mineral deposits and is the most 
common sulphide mineral on Earth (Reich et al., 2013). It can also be formed as a result of 
diagenesis, metamorphism and hydrothermal activity (Reich et al., 2013). Its precipitation can 
control the partitioning of a wide array of trace elements (e.g., Au, Ag, As and heavy metals) and 
can affect the metal distribution in a porphyry deposit (Large et al., 2009). Pyrite, in porphyry 
systems, is typically concentrated LQ D µS\ULWLF VKHOO¶ ZKLFK XVXDOO\ HQYHORSH WKH FRUH RI WKH
porphyry system and the mineralisation. This shell is the result of phyllic alteration which 
overprints the earlier potassic and propylitic alteration; although, pyrite can also be formed 
during potassic alteration (Lowell and Guilbert, 1970; Gustafson and Hunt, 1975; Seedorff et al., 
2005; Reich et al., 2013; Cooke et al., 2014). In copper porphyry deposits, the pyrite + quartz + 
sericite veins are usually observed to cross-cut quartz veins that host the Cu mineralization and 
potassic alteration minerals (Reich et al., 2013). 
Using transmission electron microscopy (TEM), secondary-ion mass spectrometry 
(SIMS) and electron microprobe analysis (EMPA), Deditius et al. (2011) have shown that 
Carlin-type and epithermal gold deposits host pyrite with a variety of trace metals (e.g., Cu, Co, 
Pb, Sb, As, Ag, Ni, Zn, Se, Te, and Hg) that occur in solid solution and/or cluster into metal 
nanoparticles or nano-inclusions (<100 nm size). Deditius et al. (2014) showed that the 
nanoparticles of metals can display varying degrees of compositional complexity (i.e. native 
metals, sulphides and sulfosalts, and Fe-bearing sulphides; Palenik et al., 2004, Deditius et al., 
2011; Hough et al., 2012). Deditius et al. (2011) proposed that nanoparticles can form by 





Pyrite-forming fluids are high-temperature (ý600±700 °C) fluids, however, Reich et al. 
(2013) suggested that the majority of the trace element substitution happens at lower 
temperatures. Arsenic (and other trace elements)-rich vapors are introduced to Cu porphyry 
hydrothermal systems repeatedly and intermittently with lower-temperature (ý300 °C), Cu-rich 
vapors. The supersaturation of these fluids at or near the pyrite grain surface in Cu and native Au 
(or Au tellurides) results in the precipitation/deposition of the chalcopyrite and Au nanoparticles 
and micrometer-scale aggregates on the pyrite grain (Deditius et al., 2011). Solid solution 
element substitution relies on the presence of the substituting ion being present in abundance, 
and is often a function of the chemistry of the ore-precipitating fluids (Deditius et al., 2011). 
Arsenic can occur as the result of direct element substitution or as As-bearing inclusions 
or nanoparticles (Reich et al., 2013). It can also substitute for S in the pyrite structure as anionic 
As in reducing environments, whereas in more oxidized, shallower hydrothermal systems (e.g., 
epithermal Au deposits), As can occur as As
3+
 in pyrite (Reich et al., 2013). Reich et al. (2013) 
also noted that in porphyry system, there is a trend toward a decoupled behavior of Cu and As 
which strongly suggests that selective partitioning of metals into pyrite is most likely the result 
of changes in fluid composition. These changes are suspected to be the result of mixing with 
meteoric water and repeat intermittent pulses of magmatic/hydrothermal Cu and As-bearing 
fluids (Audétat et al., 1998, Heinrich et al., 1999 and 2004). Therefore, the samples collected 
proximal to the breccia pipe would have increased As and Cu available in the hydrothermal 
fluids to partition into the pyrite. 
Bayliss (1989) proposed that most of the structurally-bound Cu in pyrite replaces Fe in 
the octahedral sites. The increased amount of elemental substitution in a sample may be due to 





in solid solution (Reich et al., 2013). In addition, Cu frequently occurs as mineral inclusions. 
7KHVH LQFOXVLRQV KDYH EHHQ VXJJHVWHG WR RFFXUZKHQ&X¶V VROXELOLW\ OLPLW LV VXUSDVVHGGXULQJ
pyrite growth from a hydrothermal fluid (Reich et al., 2013). Once the fluid is supersaturated, 
Cu-bearing sulphides (i.e. chalcopyrite) nanoparticles nucleate in the Cu-rich fluid at or close to 
the pyrite±fluid interface. These single nanoparticles then cluster to form larger, micrometer-
sized Cu-bearing inclusions (Reich et al., 2013). The presence of nanoparticles is the most likely 
source of Cu in the pyrite since the solid solution of CuS2 in FeS2 (pyrite) is thermodynamically 
unstable unless temperature and pressure exceed the conditions typical of hydrothermal 
alteration and pyrite formation in porphyry systems (Shimazaki and Clark, 1970; Schmidt- 
Beurmann and Bente, 1995). Experimental studies have shown increased As content results in 
elevated Cu in the pyrite (Heinrich et al., 1999 and 2004).  
Gold occurs in two mineralogical forms in pyrite: structurally bound ions (Au
+
) and as 
free particles of native Au and/or Au-tellurides. Reich et al. (2013) noted that abundances of <10 
ppm Au indicates that the Au is more likely structurally bound; whereas higher concentrations 
(100±1000 ppm) of Au are exclusively the result of micro- to nano-sized particles or clusters. 
According to Reich et al. (2005), the empirical solubility limit of Au is a function of As in pyrite. 
They suggested that as the concentration of As increases, so does the ability of the pyrite to allow 
more Au into its crystal lattice. As the Au is also sourced from the magmatic fluids, it will be 
available to partition or occur as inclusions in the pyrite closer to the centre of deposit/core of the 
hydrothermal system.  
Nickel occurs in solid solution in pyrite, with Ni substituting for Fe in the octahedral sites 
(Reich et al., 2013). The evidence for the solid solution Ni (as opposed to the inclusions) can be 





Nickel contents in pyrite for hydrothermal ore deposits have been reported between 100 and 
3000 ppm (Campbell and Ethier, 1984; Kaneda et al., 1986; Raymond, 1996; Hanley et al., 
2010). Ni-rich pyrite coincides with Co enrichment in pyrite. Trace amounts of Co and Ni in 
sulfide deposits reflects the availability of the two elements in the ore-forming system (Reich et 
al., 2013).  
3\ULWHWUDFHHOHPHQWJHRFKHPLFDOYHFWRUVDW:KLWH3LQH)RUN 
7KHFRQFHQWUDWLRQVRIDOOWKHHOHPHQWVLQWKHK\GURWKHUPDOS\ULWHIURP:KLWH3LQH)RUN
ZHUH SORWWHG DJDLQVW WKHLU GLVWDQFH IURP WKH FHQWUH RI WKH GHSRVLW 7KH 1L FRQWHQW LQ S\ULWH
VKRZHGWKHPRVWSURPLVLQJWUHQGZLWKWKHGDWDVKRZLQJDQLQFUHDVHDZD\IURPWKHFHQWUHRIWKH









Arsenian pyrite containing large amounts of minor and trace elements is present in low- 
and high-temperature hydrothermal systems and sedimentary environments (Reich et al., 2005). 
The element maps created by LA-ICP-MS of the As-rich pyrite grains (on average ~5.5 wt % 
As) from the Buckingham study site showed precious metal-rich weathering rinds (Figs. 7.12, 
7.13, and 7.14). The rinds are enriched in Au, Ag, As, Sb, Cu, and Mo but not Fe and S.  If the 
rims of the pyrite grains were initially enriched in these elements, the resulting weathering rind 
would be as well. The increased Au concentration in the weathering rind may suggest an 
overprinting mineralisation similar to the proximal skarns or Carlin-style sediment hosted Au 
(Cline et al., 2005).  
There are Au and Au ± Cu skarn deposits in the Copper Basin area, near these Eocene 
granites in the northern part of the study area. The Au is hosted dominantly in the 
metasedimentary rocks in iron-oxide veins that are thought to have originally been primary, high 
temperature, Fe-sulphides (Blake et al., 1992; Theodore et al., 1992). The Au mineralisation is 
thought to sit on the periphery of the larger porphyry deposit and represents shallow extensions 
of Eocene porphyries Cu-(Au-Mo) system (Seedorff et al., 2005). The presence of these Au-rich 
fluids in the area support the alternative explanation for the Au-rich rim, namely that the cores of 
the sulphides acted as traps for the precipitation of precious metals from the hydrothermal event 
associated with the proximal Eocene granite intrusions. These precious metals were later 
concentrated in the weathering rind during supergene alteration. Another possibility is that the 
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Mineral Modal Percentage: 
Quartz ± 25% 
Plagioclase ± 25% 
K-feldspar ± 35% 
Muscovite and white mica ± 10% 
Chlorite ± 2% 
Biotite ± 1% 
Pyrite ± 1% 
Hematite ± 1%  
Titanite ± <1%  
Fluorite ± <1%  
Appendix 1: Petrology 
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WP13ES03: Little Cottonwood stock 
This monzogranite has a coarse-grained quartz + orthoclase + 
albite groundmass showing a granitic texture with annealed 
grain boundaries. This sample has undergone sericite/white 
mica and other clay mineral(?) alteration. This alteration is 
restricted to the feldspars, with well-defined white muscovite 
laths occurring along the cleavage planes of the feldspars. In 
some of the albite grains, white mica replaces up to 70% of the 
grain. The primary biotite in the rock has been mostly altered 
to chlorite, intergrown muscovite and trace epidote. The grains 
show some Fe staining along the grain boundaries (hematite). 
The pyrite in the sample retained much of the cubic shape, but 
with pronounced Fe-oxide alteration rims. 
Quartz ± coarse-grained, anhedral and rounded grain shapes (quartz eyes). These grains show 
some undulatory extinction and are unaltered. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase and as anhedral-
subhedral phenocrysts. Many of the smaller grains show perthitic exsolution. The grains are 
altered to sericite and white micas. The majority of the orthoclase grain show well developed 
very fine-grained sericitic alteration patches.   
Plagioclase ± determined to be albitic to oligoclase in composition using the Michel-Lévy 
method. The grains are medium- to coarse-grained and subhedral to euhedral. The plagioclase 
grains show well-developed white mica grains that grow preferentially along the cleavage planes 
of the host plagioclase grain. as the result of the sericitic alteration. The primary growth twins 
have been retained. 
Chlorite ± occurs as subhedral crystals in aggregates, fans and as laths. The chlorite is an 
alteration product of primary biotite with muscovite, epidote and hematite as the main reaction 
products.  
Biotite ± occurs as euhedral relict crystals that have been almost completely replaced by chlorite 
and other reaction products.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 





Pyrite ± The pyrite is hydrothermal and the euhedral grains are seen over-printing the quartz-
feldspar groundmass. These grains have undergone some (<50% of the grains) alteration to Fe-
oxides (hematite?). 
Titanite ± Occurs as mostly isolated, euhedral rhombs over printing the quartz-feldspar 
groundmass. 
Fluorite ± Occurs as mostly isolated, euhedral, hexagonal crystals occurring as inclusions and 
associated with the altered biotite 







Mineral Modal Percentage: 
Biotite ± 35% 
Orthoclase ±35% 
Quartz ± 5-10% 
White mica ± 20% 
Muscovite ± 3% 
Chlorite ± <1% 
Magnetite ± 5% 
Pyrite ± 1% 
Hematite ± 1%  
Calcite ± <1% 
Fluorite ± <1% 
Rutile ± <1%  
WP13ES05: Lamprophyre dyke 
This hydrothermally altered lamprophyric dyke shows a fine-
grained biotite-orthoclase-quartz-white phyllosilicate 
groundmass with interstitial very fine-grained interstitial quartz 
and calcite and patches of white micas and muscovite. The 
sample has undergone almost complete sericite/white mica and 
other clay mineral(?) alteration of the K-feldspar. The biotite is 
randomly orientated and appears to be reacting to muscovite 
and magnetite and possibly chlorite. There are small euhedral 




Biotite ± occurs as euhedral, porphyritic crystals that have been partially replaced by muscovite 
and possibly chlorite and magnetite along the cleavage planes. The biotite appears to be 
magmatic, with some grains showing compositional zonation.  
Quartz ± this interstitial mineral occurs as very-fine grained anhedral crystals in between the 
orthoclase. It is distinguished from the feldspar by the lack of white mica alteration and its 
uniaxial, positive optic sign. 
K-feldspar ± the K feldspar in this sample is difficult to identify due to the extensive sericitic 
alteration. The relict larger grains appear to have retained some twinning.   
White mica ± occurs as mostly aphanitic crystal aggregates occurring as patches with irregular 
boundaries in the quartz-feldspar groundmass as an alteration product of the orthoclase.  
Muscovite ± occurs occasionally replacing the altered biotite and occurring with magnetite. 
Found mostly throughout the groundmass in fine-grained, euhedral sheets. 
Magnetite ± occurs as a reaction product of the alteration of biotite. Occurs interstitially 
throughout the groundmass in needles and with hematite.  
Pyrite ± occurs as isolated equant, subhedral crystals in the groundmass, frequently with a partial 
hematitic alteration rind  
Hematite ± occurs as a reaction product of the alteration of magnetite and biotite. Occurs 





Calcite ± this interstitial mineral occurs as very-fine grained anhedral crystals in between the 
orthoclase in patches. 
Fluorite ± occurs throughout the groundmass as equant, euhedral hexagonal crystals. Some of 
the grains contain fluid inclusions.  


























Mineral Modal Percentage: 
Quartz ± 20% 
Plagioclase ± 25% 
K-feldspar ± 40% 
Muscovite and white mica ± 10% 
Biotite ± 2% 
Magnetite ± 2% 
Titanite ± 1% 
Hematite ± <1%  
Fluorite ± <1%  
Chlorite ± <1% 
WP13ES06: Little Cottonwood stock 
This monzogranite has a very coarse-grained quartz + 
orthoclase + albite groundmass showing a granitic texture with 
annealed grain boundaries. This sample has undergone 
sericite/white mica and other clay mineral(?) alteration that is 
restricted to the feldspars, with well-defined white muscovite 
laths occurring along the cleavage planes and within 
compositionally homogenous zones of the feldspars. In some 
of the albite grains, white mica replaces up to 50% of the grain. 
Some (~50%) of the primary biotite in the rock has been 
partially altered to chlorite, intergrown muscovite and trace 
epidote. The grains show some Fe staining along the grain 
boundaries (hematite). The pyrite in the sample retained much 
of the cubic shape, but formed Fe-oxide alteration rims. Titanite is associated with this pyrite. 
Quartz ± coarse-grained, anhedral and rounded grain shapes. These grains show some 
undulatory extinction and are unaltered. Some finer-grained quartz occurs in the K-spar 
phenocrysts. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase with some minor 
microcline and as anhedral-subhedral phenocrysts. The largest grains show perthitic exsolution. 
The grains without the exsolution show well-developed compositional zonation. A few large (10 
mm wide) perthitic grains contain smaller orthoclase and quartz grains as inclusions. The grains 
are altered to sericite and white micas. The majority of the orthoclase grain show well developed 
very fine-grained sericitic alteration patches. The plagioclase grains show better-developed mica 
crystals. The alteration is often restricted to circular, compositionally homogenous zones within 
the phenocrysts. 
Plagioclase ± determined to be albitic to oligoclase in composition using the Michel-Lévy 
method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains show well-developed white mica grains that grow preferentially along the cleavage planes 
of the host plagioclase grain as the result of the sericitic alteration. The primary growth twins 
have been retained 
Biotite ± occurs as euhedral relict crystals that have been partially to completely replaced by 
chlorite and other reaction products.  
Chlorite ± occurs as an alteration product of primary biotite with associated muscovite, epidote 
and hematite.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 





aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 
occasionally occurs in the groundmass of the rock. 
Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen over-printing the quartz-
feldspar groundmass. These grains have undergone some (<50% of the grains) alteration to Fe-
oxides (hematite?). 
Titanite ± occurs as mostly isolated, euhedral rhombs over printing the quartz-feldspar 
groundmass. Associated with the pyrite and relict magnetite(?) 
Fluorite ± occurs as mostly isolated, euhedral, hexagonal crystals occurring as inclusions and 
associated with the altered biotite 







Mineral Modal Percentage: 
Quartz ± 30% 
Plagioclase ± 20% 
K-feldspar ± 30% 
Muscovite and white mica ± 13% 
Biotite ± 3% 
Chlorite ± 2% 
Pyrite ± 2% 
Hematite ± <1%  
Titanite ± <1% 
WP13ES09: Little Cottonwood stock 
This monzogranite has a coarse-grained quartz + orthoclase + 
albite groundmass showing a granitic texture with annealed 
grain boundaries. This sample has undergone significant 
sericite/white mica and other clay mineral(?) alteration. This 
alteration is restricted to the feldspars, with well-defined white 
muscovite laths occurring along the cleavage planes. In some 
of the albite grains, white mica replaces up to 75% of the grain. 
Much of the primary biotite in the rock has been partially 
altered to chlorite, intergrown with muscovite and trace 
epidote. The grains show some Fe staining along the grain 
boundaries (hematite). The pyrite in the sample retained much 
of the cubic shape, but formed Fe-oxide alteration rims.   
Quartz ± fine- to medium-grained, anhedral and rounded grain shapes. These grains show some 
undulatory extinction and are unaltered. Some finer-grained quartz occurs in the K-spar 
phenocrysts. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase as anhedral-subhedral 
phenocrysts. The largest grains show perthitic exsolution. The grains without the exsolution 
show well-developed compositional zonation. The grains are altered to sericite and white micas. 
The majority of the orthoclase grain show well developed very fine-grained (<0.01 mm) sericitic 
alteration patches. The plagioclase grains show better-developed mica crystals.  
Plagioclase ± determined to be albitic to oligoclase in composition using the Michel-Lévy 
method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains show well-developed white mica grains that grow preferentially along the cleavage planes 
of the host plagioclase grain as the result of the sericitic alteration. The primary growth twins and 
simple albite twins have been retained 
Biotite ± occurs as subhedral and euhedral relict crystals that have been partially to completely 
replaced by chlorite and other reaction products.  
Chlorite ± occurs as an alteration product of primary biotite with associated muscovite, epidote 
and hematite. 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 
aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 





Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen over-printing the quartz-
feldspar groundmass. These grains have undergone (<20% of the pyrite grains) alteration to Fe-
oxides (hematite?). 
Titanite ± occurs as mostly glomeritic subhedral mineral clusters associated with biotite. 






Mineral Modal Percentage: 
Quartz ± 20% 
Plagioclase ± 25% 
K-feldspar ± 45% 
Muscovite and white mica ± 5% 
Biotite ± 1% 
Chlorite ± 1% 
Magnetite ± 2% 
Titanite ± 1% 
Hematite ± <1%  
WP13ES13: Little Cottonwood stock 
This syenogranite has a very coarse-grained quartz + orthoclase 
+ albite groundmass showing a granitic texture with annealed 
grain boundaries. This sample has undergone sericite/white 
mica and other clay mineral(?) alteration. This alteration is 
restricted to the feldspars, with well-defined white mica laths 
occurring along the cleavage planes and within compositionally 
homogenous zones of the feldspars. In some of the albite 
grains, white mica replaces up to 50% of the grain. 60% of the 
primary biotite in the rock has been partially altered to chlorite 
and hematite The grains show some Fe staining along the grain 
boundaries (hematite). The pyrite in the sample retained much 
of the cubic shape, but formed Fe-oxide alteration rims.  
Quartz ± coarse-grained, anhedral and rounded grain shapes. The igneous grains show some 
undulatory extinction and are unaltered. Some finer-grained quartz occurs in the K-spar 
phenocrysts. There are also two coarse-grained, barren quartz veins (~1mm width) cross-cutting 
the sample. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase with some minor 
microcline and as anhedral-subhedral phenocrysts. The largest grains show perthitic exsolution. 
The grains without the exsolution show very well-developed compositional zonation. A few 
large (10 mm wide) perthitic grains contain smaller orthoclase and quartz grains as inclusions. 
The grains are altered to sericite and white micas. The majority of the orthoclase grain show well 
developed very fine-grained sericitic alteration patches. The alteration is often restricted to 
circular, compositionally homogenous zones within the phenocrysts. 
Plagioclase ± determined to be albitic to oligoclase in composition using the Michel-Lévy 
method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains contain well-developed white mica grains that grow preferentially along the cleavage 
planes of the host plagioclase grain as the result of the sericitic alteration. The primary growth 
twins have been retained 
Biotite ± occurs as euhedral relict crystals that have been partially to completely replaced by 
chlorite and other reaction products.  
Chlorite ± occurs as an alteration product of primary biotite with associated muscovite, epidote 
and hematite. 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 





aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 
occasionally occurs in the groundmass of the rock. 
Magnetite ± the euhedral grains are seen over-printing the quartz-feldspar groundmass. These 
grains have undergone (<10% of the pyrite grains) alteration to Fe-oxides (hematite?). 
Titanite ± Occurs as mostly isolated, euhedral rhombs over printing the quartz-feldspar 
groundmass. Associated with the biotite and chlorite 







Mineral Modal Percentage: 
Quartz ± 15% 
Hydrothermal quartz ± 30% 
Plagioclase ± 20% 
K-feldspar ±20% 
Muscovite and white mica ± 8% 
Biotite ± 5% 
Pyrite ± 2% 
Titanite ± <1% 
Hornblende ± <1%  
Hematite ± <1%  
Chlorite ± <1% 
WP13ES17: Little Cottonwood stock 
This sample contains numerous rusty quartz-pyrite veins. The 
host rock is a monzogranite. The sample has a very 
inequigranular quartz + orthoclase + albite groundmass with a 
granitic texture and annealed grain boundaries. This sample has 
undergone sericite/white mica and other clay mineral(?) 
alteration of  plagioclase, with well-defined white mica laths 
occurring along the cleavage planes and within compositionally 
homogenous zones. In some of the albite grains, white mica 
replaces up to 80% of the grain. The primary biotite and 
hornblende in the rock has been slightly altered to chlorite 
(<10% of the mafic minerals). The pyrite in the sample retained 
much of the cubic shape, but formed Fe-oxide alteration rims 
and, in some cases, completely replaced the grain. Titanite is 
associated with this pyrite and hornblende.  
Quartz ±the igneous, anhedral and rounded quartz eyes are preserved and surrounded by very 
fine-grained hydrothermal quartz. These grains show some undulatory extinction and remain 
unaltered. Some finer-grained quartz occurs in the K-spar and pyrite phenocrysts. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase with some minor 
microcline and as unaltered, anhedral-subhedral phenocrysts. The largest grains show well-
developed compositional zonation. Some possible orthoclase can be found in the groundmass, 
but is obscured by the sericite alteration. 
Plagioclase ± determined to be albitic using the Michel-Lévy method. The grains are fine- to 
medium-grained and subhedral to euhedral. The plagioclase grains show well-developed white 
mica grains that grow preferentially along the cleavage and fracture planes of the host 
plagioclase grain as the result of the sericitic alteration. The alteration is seen in the circular, 
compositionally homogenous zones within the phenocrysts and occurs in patches and irregularly 
throughout the crystal. The primary growth twins have been preserved. 
Biotite ± occurs as euhedral relict crystals that have been partially replaced by chlorite (<10%) 
Chlorite ± occurs as an alteration product of primary biotite with associated muscovite, epidote 
and hematite. 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and fine-grained mineral aggregates). 
Muscovite also occurs as a reaction product of the alteration of biotite and occasionally occurs in 





Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen over-printing the quartz-
feldspar groundmass. These grains have undergone some (<50% of the grains) to complete 
alteration to Fe-oxides (hematite?). 
Titanite ± occurs as mostly isolated, euhedral rhombs over printing the quartz-feldspar 
groundmass. Associated with the pyrite and relict magnetite(?) 
Hornblende ± occurs as mostly isolated, euhedral rhombs and rectangles over printing the 
quartz-feldspar groundmass. Associated with the pyrite and relict magnetite(?) 







Mineral Modal Percentage: 
Quartz ± 20% 
Hydrothermal quartz ± 20% 
Plagioclase ± 10% 
K-feldspar ± 25% 
Muscovite and white mica ± 23% 
Titanite ± <1%  
Pyrite ± <1% 
Hematite ± 1%  
WP13ES22: White Pine intrusion 
This syenogranite has a coarse-grained quartz and K-feldspar 
porphyritic quartz-rich + orthoclase + albite groundmass with 
a granitic texture and annealed grain boundaries. The 
groundmass has undergone sericite/white mica and other clay 
mineral(?) alteration of the feldspars. There are well-defined 
white muscovite laths along the cleavage planes of the 
feldspars. In some of the plagioclase grains, white mica 
replaces up to 95% of the grain. The quartz vein has associated 
pyrite and coarser-grained muscovite. The pyrite in the sample 
retained much of the relict cubic shape, but formed Fe-oxide 
alteration rims or has been completely altered to Fe-oxides. 
Quartz ± coarse-grained, anhedral and rounded grain shapes (quartz eyes). These grains show 
some undulatory extinction and remain unaltered. There is also hydrothermal coarse-grained 
quartz hosted in a quartz-muscovite-pyrite vein (~8 mm wide). The quartz is bound by radiating 
muscovite and finer-grained white micas.  
K-feldspar ± the K-feldspar in this sample is difficult to distinguish from the plagioclase due to 
the extensive sericitic alteration. The relict larger grains (which show some possible perthitic 
exsolution) are more likely to be the K-feldspar, the grain shape and size closely resembles the 
phenocrysts seen in less altered samples.  
Plagioclase ± several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been almost completely altered to white micas. Primary growth twins can be seen in 
some of the less altered grain rims.  
Muscovite ± occurs occasionally replacing the altered feldspar, but is most common in the vein 
selvage, bordering both side of the quartz and pyrite vein. The crystals are euhedral and 
radiating. 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase as larger, parallel crystals.  
Titanite ± occurs as mostly isolated, euhedral or fragmented rhombs overprinting the quartz-
feldspar groundmass. Frequently associated with altered K-feldspar grains. 
Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen overprinting the quartz-
feldspar groundmass. These grains have undergone some (70% to >95% of the feldspar grains) 
alteration to Fe-oxides (hematite). These grains are strongly associated with the quartz vein, with 





Hematite ± occurs as a reaction product of the pyrite weathering to Fe-oxide. The hematite 







Mineral Modal Percentage: 
Quartz ± 40% 
Plagioclase ± 20% 
K-feldspar ± 28% 
Muscovite and white mica ± 10% 
Pyrite ± 1% 
Hematite ± 1%  
WP13ES26: White Pine intrusion 
This monzogranite shows a medium- to coarse-grained quartz 
and K-feldspar porphyritic quartz + orthoclase + albite 
groundmass with a granitic texture with annealed grain 
boundaries. The sample has undergone sericite/white mica and 
other clay mineral (?) alteration. This alteration is restricted to 
the feldspars, with well-defined white muscovite laths 
occurring along the cleavage planes. In some of the plagioclase 
and microcline grains, white mica and muscovite replaces up to 
60% of the grain. The primary biotite in the rock has been 
altered to intergrown muscovite and some white micas (?) with opaque minerals.  The grains 
show some Fe staining along the grain boundaries (hematite). The pyrite in the sample retained 
much of the cubic shape, but formed Fe-oxide alteration rims.  The pyrite occurs mostly as 
isolated grains throughout the groundmass.  
Quartz ± the larger (<10 mm), euhedral phenocrysts show some undulatory extinction and 
remain unaltered. The groundmass contains finer-grained, anhedral and rounded grains that 
occur interstitially to the feldspars and quartz eyes. 
K-feldspar ± the K-feldspar in this sample occurs mostly as finer-grained anhedral orthoclase in 
the groundmass of the rock with some microcline as subhedral to euhedral and occasionally 
zoned phenocrysts. There is one large perthitic grain. The grains are altered to sericite and white 
micas. The majority of the orthoclase grain show well-developed, very fine-grained, irregular 
sericitic alteration patches.  
Plagioclase ± determined to be oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and occur as subhedral to euhedral laths. The plagioclase 
grains show well-developed white mica grains that preferentially alter the core of the grains. The 
finer grained white mica replacement minerals occur in aggregates and are patchy. The primary 
growth twins and simple albite twins have been preserved in some grains.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase (mostly aphanitic crystal aggregates). Muscovite also occurs as a reaction product of 
the alteration of biotite and in the groundmass of the rock as radiating fans of crystals. This 
muscovite is most likely hydrothermal. 
Pyrite ± the euhedral grains overprint the quartz-feldspar groundmass. The pyrite occurs mostly 
as isolated grains throughout the groundmass.  These grains have undergone (<45% of the pyrite 





Hematite ± occurs as a reaction product of the alteration of biotite to muscovite and pyrite to Fe-
oxides. Found throughout the groundmass and as weathering rinds around the pyrite and along 






Mineral Modal Percentage: 
Quartz ± 30% 
Plagioclase ± 26% 
K-feldspar ± 30% 
Muscovite and white mica ± 10% 
Biotite ± 3% 
Chlorite ± <1% 
Pyrite ± 1% 
Hematite ± <1%  
WP13ES28: White Pine intrusion 
This monzogranite shows a medium- to coarse-grained quartz 
and K-feldspar porphyritic quartz-rich + orthoclase + albite 
groundmass with a granitic texture and annealed grain 
boundaries. The groundmass has undergone sericite/white mica 
and other clay mineral(?) alteration of the feldspars. This 
alteration is restricted to the feldspars, with well-defined white 
muscovite laths occurring along the cleavage planes. In some 
of the plagioclase grains, white mica and muscovite replaces 
up to 60% of the grain. Some of the primary biotite in the rock 
has been partially altered to intergrown muscovite and some 
white micas (?).  The grains show some Fe staining along the grain boundaries (hematite). The 
pyrite in the sample retained much of the cubic shape, but formed Fe-oxide alteration rims.  The 
pyrite occurs mostly as isolated grains throughout the groundmass. A few pyrite grains are 
surrounded by muscovite sheets. 
Quartz ± fine- to medium-grained, anhedral and rounded grain shapes. These larger (<10 mm), 
euhedral phenocrysts show some undulatory extinction and are unaltered. The quartz eyes 
contain some feldspar phenocrysts.  
K-feldspar ± the K feldspar in this sample occurs mostly as orthoclase with some microcline as 
subhedral, and euhedral phenocrysts. There is also finer-grained, anhedral orthoclase in the 
groundmass of the rock. The grains are altered to sericite and white micas. The majority of the 
orthoclase grain show well-developed very fine-grained sericitic alteration patches.  
Plagioclase ± determined to oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and subhedral to euhedral laths. The plagioclase grains show 
well-developed white mica grains that preferentially alter the core of the grains. The finer 
grained white mica replacement minerals occur in aggregates and are patchy. The primary 
growth twins and simple albite twins have been retained in some grains.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase (mostly aphanitic crystal aggregates). Muscovite also occurs as a reaction product of 
the alteration of biotite and occasionally occurs in the groundmass of the rock. 
Biotite ± occurs as subhedral crystals that have been partially replaced by muscovite and 
possible chlorite and hematite.  
Chlorite ± occurs as a trace alteration product of primary biotite with muscovite and hematite as 





Pyrite ± the pyrite is hydrothermal and the euhedral grains overprint the quartz-feldspar 
groundmass. The pyrite occurs mostly as isolated grains throughout the groundmass.  These 
grains have undergone (<90% of the grains) alteration to Fe-oxides (hematite?).  
Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and pyrite to Fe-





Mineral Modal Percentage: 
Quartz ± 27% 
Plagioclase ± 23% 
K-feldspar ± 33% 
White mica ± 10% 
Muscovite ± 3% 
Biotite ± 1% 
Chlorite ± 1% 
Pyrite ± 1% 
Titanite ± 1% 
Hematite ± <1%  
WP13ES30: Little Cottonwood stock 
This monzogranite has a very coarse-grained quartz + orthoclase 
+ albite groundmass showing a granitic texture with annealed 
grain boundaries. This sample has undergone sericite/white mica 
and other clay mineral(?) alteration. This alteration is restricted to 
the plagioclase, with well-defined white mica laths occurring 
along the cleavage planes and within compositionally 
homogenous zones. In the albite grains, white mica replaces up to 
80% of the grain. The white mica laths compose a minor portion 
of the groundmass (~10%). The primary biotite has been slightly 
to completely altered to chlorite. The pyrite in the sample retained 
much of the cubic shape, but formed Fe-oxide alteration rims and, 
in some cases, completely replaced the grain. Titanite is 
associated with pyrite and biotite. 
Quartz ± coarse-grained, anhedral and rounded grain shapes. The igneous grains show some 
undulatory extinction and are unaltered. Some finer-grained quartz occurs in K-spar phenocrysts. 
There are also two coarse-grained, barren quartz veins (~1mm width) cross-cutting the sample. 
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase with some possible trace 
microcline and as anhedral-subhedral phenocrysts. The largest grains show some perthitic 
exsolution. The grains without the exsolution show very well-developed compositional zonation. 
A few large (10 mm wide) perthitic grains contain smaller orthoclase and quartz grains as 
inclusions. The grains are altered to sericite and white micas. The majority of the orthoclase 
grains show well developed very fine-grained sericitic alteration patches. The plagioclase grains 
show better-developed mica crystals. The alteration is often restricted to circular, 
compositionally homogenous zones within the phenocrysts. 
Plagioclase ± determined to be albitic to oligoclase in composition using the Michel-Lévy 
method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains show well-developed white mica grains that grow preferentially along the cleavage planes 
of the host plagioclase grain as the result of the sericitic alteration. The primary growth twins 
have been retained 
Biotite ± occurs as euhedral relict crystals that have been partially to completely replaced by 
chlorite and other reaction products.  
Chlorite ± occurs as an alteration product of primary biotite with muscovite, epidote and 
hematite as the main reaction products.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 





aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 
frequently occurs in the groundmass of the rock, often intergrown in larger feldspar grains, 
Muscovite ± occurs as larger euhedral, laths in the groundmass 
Pyrite ± the euhedral grains are seen over-printing the quartz-feldspar groundmass. These grains 
have undergone some (<10% of the grains) alteration to Fe-oxides (hematite?). 
Titanite ± occurs as mostly isolated, euhedral rhombs over-printing the quartz-feldspar 
groundmass. Associated with the biotite and chlorite 
Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and 






Mineral Modal Percentage: 
Quartz ± 25% 
Plagioclase ± 18% 
K-feldspar ± 25% 
White mica ± 15% 
Muscovite ± 7% 
Pyrite ± 3% 
Hematite ± 7%  
WP13ES36: Little Cottonwood stock 
This monzogranite was collected from a rusty, altered sample. It 
has a very coarse-grained quartz + orthoclase + albite groundmass 
showing a granitic texture with annealed grain boundaries. This 
sample has undergone sericite/white mica and pyrite alteration. 
The sericite alteration is restricted to the feldspars, with well-
defined white mica laths occurring throughout all of the grains. In 
the albite grains, white mica and hematite replace up to 80% of 
the grain. The white mica laths comprise a major portion of the 
groundmass (~20%). The primary biotite has been slightly to 
completely altered to white micas. The pyrite in the sample retained much of the cubic shape, but 
formed Fe-oxide alteration rims and, in some cases, completely replaced the grain. There are no 
mafic minerals in this sample. 
Quartz ± coarse-grained, anhedral and rounded grain shapes. The grains show some undulatory 
extinction and are unaltered. Some finer-grained quartz occurs in the K-feldspar phenocrysts.  
K-feldspar ± the K-feldspar in this sample occurs as mostly orthoclase with some possible trace 
microcline and as anhedral-subhedral phenocrysts. The grains, along with the plagioclase, are 
altered to sericite and white micas. The majority of the orthoclase grain show well-developed 
very fine-grained sericitic alteration patches throughout the entire grain. 
Plagioclase ± determined to be oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and subhedral to euhedral. The plagioclase grains show well-
developed white mica grains that have grown throughout the crystal as the result of the sericitic 
alteration. The primary growth twins have been retained 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 
aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 
frequently occurs in the groundmass of the rock, often intergrown with larger feldspar grains, 
Muscovite ± occurs as larger euhedral, laths in the groundmass. Often associated with the other 
white micas 
Pyrite ± the euhedral grains are seen over-printing the quartz-feldspar groundmass. These grains 
have undergone some (<10% of the altered pyrite grains) alteration to Fe-oxides (hematite?) and 
have Fe-oxide coronas 
Hematite ± Occurs as a reaction product of the alteration of biotite to chlorite and 





Mineral Modal Percentage: 
Quartz ± 25% 
Plagioclase ± 18% 
K-feldspar ± 25% 
White mica ± 15% 
Titanite ± 1% 
Muscovite ± 7% 
Pyrite ± 3% 
Hematite ± 7%  
WP13ES40: Little Cottonwood stock 
This monzogranite has a very coarse-grained quartz + orthoclase 
+ albite groundmass with a granitic texture and annealed grain 
boundaries. This sample has undergone sericite/white mica and 
pyrite alteration. The sericite alteration is restricted to the 
feldspars, with well-defined white mica laths occurring 
throughout all of the grains and in the groundmass ± overprinting 
the feldspars. Some of the albite grains, white mica and hematite 
replace >95% of the grain. The white mica laths compose a major 
portion of the groundmass (~20%). The primary biotite has been 
slightly to completely altered to white micas and muscovite. The 
pyrite in the sample retained much of the cubic shape, but formed Fe-oxide alteration rims or, in 
some cases, completely replaced the grain. There are not any mafic minerals aside from the 
pyrite and hematite in this sample and trace titanite 
Quartz ± coarse-grained, anhedral and rounded grain shapes. The grains show some undulatory 
extinction and remain unaltered. Some finer-grained quartz occurs in the K-spar phenocrysts.  
K-feldspar ± the K-feldspar in this sample occurs mostly as anhedral to subhedral phenocrysts 
of orthoclase. The grains, along with the plagioclase, are altered to sericite, white micas and 
quartz. The majority of the orthoclase grains show well developed very fine-grained sericitic 
alteration patches throughout the entire grain as well coarser-grained muscovite and other white 
micas overprinting the grain. 
Plagioclase ± determined to be oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and subhedral to euhedral. The plagioclase grains show well-
developed white mica grains that have grown throughout and overprint the crystal as the result of 
the sericitic alteration. The primary growth twins have been retained. 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 
aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 
frequently occurs in the groundmass of the rock, often intergrown with larger feldspar grains. 
Muscovite ± occurs as larger euhedral, radiating or fan-like laths in the groundmass. Often 
associated with the other white micas.  
Pyrite ± the euhedral grains are seen overprinting the quartz-feldspar groundmass. These grains 






Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and 






Mineral Modal Percentage: 
Quartz ± 35% 
Plagioclase ± 25% 
K-feldspar ± 30% 
White Mica ± 10% 
Biotite ± 1% 
Chlorite ± <1% 
Pyrite ± 3% 
Hematite ± <1%  
WP13ES44: Little Cottonwood stock 
This monzogranite has a coarse-grained quartz + orthoclase + 
albite groundmass with a granitic texture and annealed grain 
boundaries. The sample has undergone significant sericite/white 
mica and other clay mineral(?) alteration. This alteration is 
restricted to the feldspars, with well-defined, very fine-grained 
white mica laths occurring along the cleavage planes and 
throughout the grains. In some of the feldspar grains, white mica 
replaces 40 - 90% of the grain. Some of the primary biotite in the 
rock has been partially altered to chlorite intergrown with 
muscovite. Many of the primary micas appear to have been 
completely altered to muscovite. The grains show some Fe staining along the grain boundaries 
(hematite). The pyrite in the sample retained much of the cubic shape, but formed Fe-oxide 
alteration rims.  
Quartz ± fine- to medium-grained, anhedral and rounded, elongate, irregular grain shapes. These 
grains show some undulatory extinction and remain unaltered. Some finer-grained quartz occurs 
in the K-feldspar phenocrysts. 
K-feldspar ± the K-feldspar in this sample occurs as mostly orthoclase as anhedral-subhedral 
phenocrysts. The grains are altered to sericite and white micas. The majority of the orthoclase 
grains show well-developed very fine-grained sericitic alteration patches. The plagioclase grains 
show better-developed mica crystals than the K-feldspar. 
Plagioclase ± determined to be albitic to mostly oligoclase in composition using the Michel-
Lévy method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains show well-developed white mica grains that grow throughout the host plagioclase grains 
as the result of the sericitic alteration. Primary growth twins and simple albite twins have been 
preserved. 
Biotite ± occurs as subhedral and euhedral relict, slightly bent crystals that have been partially 
completely replaced by white micas or muscovite and other reaction products.  
Chlorite ± occurs as an alteration product of primary biotite with muscovite, epidote and 
hematite as associated minerals.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 
aggregates). Muscovite also occurs as a reaction product of the alteration of biotite and 






Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen overprinting the quartz-
feldspar groundmass. These grains have undergone alteration to Fe-oxides (hematite?). 
Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and pyrite to Fe-
oxide. Occurs as a mineral corona around the pyrite and rarely along the grain boundary edges of 






Mineral Modal Percentage: 
Quartz ± 20% 
White mica ± 8% 
Pyrite ± 40% 
Hematite ± 1%  
WP13ES46: Little Cottonwood stock - Alteration 
This sample was collected to examine a rusty quartz vein 
hosted within the Little Cottonwood stock. The quartz vein is 
20 mm wide and a selvage is visible. There was no Mo 
mineralisation found in the vein in the field, or during 
petrographic analysis. The paragenesis of the vein is the 
crystallization of finer-grained quartz on the perimeter of the 
vein which grades into a coarser-grained quartz core. In the centre of the vein, cuniform hematite 
(primary pyrite?) precipitated on the quartz and aphanitic, massive white micas precipitated on 
the hematite, forming bands.  
Quartz ± coarse-grained, anhedral, inequigranular and annealed grain outlines. The vein also 
contains interstitial hematite surrounding some of the quartz grains. There are also igneous 
quartz eyes left in the altered groundmass adjacent to the quartz-sericite-pyrite vein. These 
igneous quartz grains are anhedral, irregular and fine-grained. They occur interstitially to the 
relict subhedral feldspar grains.  
Feldspars ± the feldspars in this sample are almost completed altered to white micas. The relict 
phenocrysts outlines and anhedral altered groundmass suggest the presence of both K-feldspar 
and plagioclase in the sample. The relict grain shape is preserved, however, any primary 
microcline, Carlsbad, or simple twins have been erased.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the feldspars and it occurs as fine-grained laths and as aphanitic crystal 
aggregates. In the vein, the white micas are concentrated in the vein selvage and form bands with 
the hematite.  
Hematite ± Occurs as a primary mineral precipitate after the crystallization of the quartz vein ± 
filling in voids. The hematite has subtle banding, suggesting it is primary as opposed to a 












Mineral Modal Percentage: 
Quartz ± 28% 
Plagioclase ± 25% 
K-feldspar ± 25% 
Muscovite and white mica ± 10% 
Pyrite ± 1% 
Hematite ± 1%  
WP13ES54: White Pine intrusion 
This monzogranite shows a medium- to coarse-grained quartz 
and K-feldspar porphyritic quartz + orthoclase + albite 
groundmass with a granitic texture with annealed grain 
boundaries. The sample has undergone sericite/white mica and 
other clay mineral(?) alteration. This alteration is restricted to 
the feldspars, with well-defined white muscovite laths 
occurring along the cleavage planes. In some of the plagioclase 
and microcline grains, white mica and muscovite replaces up to 
80% of the grain. The primary biotite has been altered to 
intergrown muscovite and white micas (?) with opaque minerals.  The grains show some Fe 
staining along the grain boundaries (hematite). The pyrite in the sample retained much of the 
cubic shape, but formed Fe-oxide alteration rims.  The pyrite occurs mostly as isolated grains 
throughout the groundmass.  
Quartz ± the larger (<10 mm), euhedral phenocrysts show some undulatory extinction and 
remain unaltered. The groundmass contains very fine-grained, anhedral and rounded grain 
shapes that occur interstitially to the feldspars. This quartz might be hydrothermally sourced or 
represent a finer-grained phase of the White Pine intrusion. The quartz groundmass is 
differentiated from the feldspars using its positive uniaxial optic sign and the lack of sericitic 
alteration. 
K-feldspar ± the K-feldspar in this sample occurs mostly as finer-grained anhedral orthoclase in 
the groundmass of the rock with some microcline as subhedral to euhedral phenocrysts. There is 
one large perthitic grain. The grains are altered to sericite and white micas. The majority of the 
orthoclase grain show well-developed, very fine-grained, irregular sericitic alteration patches.  
Plagioclase ± determined to be oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and subhedral to euhedral laths. The plagioclase grains show 
well-developed white mica grains that preferentially alter the core of the grains. The finer 
grained white mica replacement minerals occur in aggregates and are patchy. The primary 
growth twins and simple albite twins have been preserved in some grains.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase (mostly aphanitic crystal aggregates). Muscovite also occurs as a reaction product of 
the alteration of biotite and occasionally occurs in the groundmass of the rock as radiating fans of 
crystals. 
Pyrite ± the euhedral grains are seen over-printing the quartz-feldspar groundmass. The pyrite 
occurs mostly as isolated grains throughout the groundmass.  These grains have undergone (45% 





Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and pyrite to Fe-
oxides. Found throughout the groundmass and as weathering rinds around the pyrite and along 






Mineral Modal Percentage: 
Quartz ± 20% 
Plagioclase ± 25% 
K-feldspar ± 40% 
White mica ± 8% 
Muscovite ± 2% 
Biotite ± 2% 
Magnetite ± 2% 
Hematite ± 1%  
WP13ES58: Little Cottonwood stock 
This monzogranite has a very coarse-grained quartz + 
orthoclase + albite groundmass with a granitic texture and 
annealed grain boundaries. The sample has undergone 
sericite/white mica and other clay mineral(?) alteration that is 
is restricted to the feldspars. In the albite grains, white mica 
replaces up to 90% of the grain. Some of the primary biotite in 
the rock has been altered to muscovite and 
hematite/magnetite(?). The grains show some Fe staining along 
the grain boundaries (hematite). The pyrite in the sample 
retained its cubic shape, but formed Fe-oxide alteration rims. 
Titanite is absent. Rhombohedral aggregates of alteration minerals suggest primary titanite prior 
to alteration? 
Quartz ± coarse-grained, anhedral and rounded grain shapes. These grains show some 
undulatory extinction and are unaltered. Some finer-grained quartz occurs in the K-feldspar 
phenocrysts. 
K-feldspar ± the K-feldspar in this sample occurs as mostly orthoclase with some minor 
microcline and as subhedral phenocrysts. Some grains show weak compositional zonation. A few 
large (10 mm wide) perthitic grains contain smaller orthoclase and quartz grains as inclusions. 
The almost the entire grain (90%) is altered to sericite and white micas. The orthoclase grains 
show well developed, very fine-grained sericitic alteration patches.  
Plagioclase ± determined to be oligoclase in composition using the Michel-Lévy method. The 
grains are fine- to medium-grained and subhedral to euhedral. The plagioclase grains show well-
developed sericitic alteration. The primary growth twins have been preserved. 
Biotite ± occurs as euhedral relict crystals that have been partially to completely replaced by 
muscovite. No chlorite is present. 
Muscovite ± occurs as larger euhedral, radiating or fan-like laths in the groundmass. Often 
associated with the other white micas.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths) and the orthoclase (aphanitic crystal 
aggregates). They also occur in the groundmass of the rock and in cross-cutting veins as 
radiating crystals 
Pyrite ± the pyrite is hydrothermal and the euhedral grains are seen over-printing the quartz-





alteration to Fe-oxides (hematite?) which appear as mineral coronas. The largest pyrite grains in 
the sample are associated with fine-grained, bladed, radiating muscovite grains. 
Hematite ± occurs as a reaction product of the alteration of biotite to chlorite and pyrite to Fe-






Mineral Modal Percentage: 
Quartz ± 30% 
Hydrothermal quartz ±35% 
Muscovite and white mica ± 34% 
Hematite ± 1%  
Epidote ± <1% 
 
WP13ES64: White Pine intrusion 
This altered granite shows a medium- to coarse-grained quartz 
porphyritic quartz + phyllosilicate groundmass with interstitial 
very fine-grained quartz and patches of white micas and 
muscovite. The sample has undergone almost complete 
sericite/white mica and other clay mineral(?) alteration. This 
alteration is restricted to the feldspars, with well-defined white 
muscovite laths occurring along the cleavage planes. In some 
of the plagioclase and microcline grains, white mica and 
muscovite replaces the entire grain with only some possible relict grain outline remaining. No 
mafic minerals have been preserved, including titanite and pyrite. There is some hematitic 
staining and some possible trace epidote associated with coarse-grained muscovite. 
Quartz ± the larger (<10 mm), euhedral phenocrysts show some undulatory extinction and are 
unaltered. The groundmass contains very fine-grained, anhedral and rounded grains that occur 
interstitially to the feldspars. This quartz might be hydrothermally sourced and represent 
silicification of the groundmass. It may also represent a finer-grained phase of the White Pine 
intrusion.  
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase and the orthoclase (mostly aphanitic crystal aggregates 
occurring as patches with irregular boundaries). Some of the white micas outline veinlets 
(narrower than 1 mm) which may represent fluid pathways through the rock. 
Hematite ± occurs as a reaction product of the alteration of biotite and pyrite. Found throughout 






Mineral Modal Percentage: 
Quartz ± 20% 
Hydrothermal quartz ±50% 
Muscovite and white mica ± 15% 
Altered biotite ± 1% 
Titanite ± 1% 
Pyrite ± 1% 
Chalcopyrite - <1% 
Molybdenite - <1% 
Hematite ± <1%  
 
WP13ES65: White Pine intrusion 
This altered granite shows a medium- to coarse-grained quartz 
porphyritic quartz + orthoclase + albite groundmass with a 
granitic texture with annealed grain boundaries. The sample 
has undergone sericite/white mica alteration that is restricted to 
the feldspars. In some of the plagioclase and microcline (some 
twinning is still visible) grains, white mica and muscovite 
replaces up to 95% of the grain. No primary mafic silicate 
minerals are preserved in the sample other than trace altered 
biotite. The pyrite in the groundmass is significantly fresher 
than the pyrite reported in other samples from the White Pine 
intrusion and Fe-oxide alteration rims are rare in this section.  
The pyrite occurs mostly as isolated grains throughout the 
groundmass. This sample contains numerous quartz veins, some of which contain molybdenite.  
Quartz ± the larger (<10 mm), euhedral phenocrysts show some undulatory extinction and are 
unaltered. The groundmass contains very fine-grained, anhedral and rounded grain shapes that 
occur interstitially to the feldspars. This quartz might be hydrothermally sourced and represent 
silicification of the groundmass. The sample also contains two generations of fine-grained quartz 
veins. One set, which run parallel to each other, contains radiating molybdenite crystal 
aggregates (1 mm wide). The larger cross-cutting vein (3 mm wide) is barren, aside from pyrite 
(observed in the field, not in the section). The veins do not have white mica or muscovite 
selvages. There is trace calcite intergrown in the larger vein.   
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase (mostly aphanitic crystal aggregates). Muscovite also occurs as a reaction product of 
the alteration of biotite and occasionally occurs in the groundmass of the rock as radiating fans of 
crystals. The quartz veins do not contain white mica or muscovite. 
Titanite ± occurs as mostly isolated, euhedral or fragmented rhombs over-printing the quartz-
feldspar groundmass. Frequently associated with altered biotite grains. The grain outlines appear 
to be fragmented. 
Pyrite ± the euhedral grains are seen over-printing the quartz-feldspar groundmass. The pyrite 
occurs mostly as isolated grains throughout the groundmass.  These grains have undergone (45% 
of the grains) alteration to Fe-oxides (hematite?). In reflected light microscopy, inclusions of 
chalcopyrite are observed in the coarse pyrite grains. 






Hematite ± occurs as a reaction product of the alteration of pyrite to Fe-oxides. Found 
throughout the groundmass and as rare, incomplete weathering rinds around the pyrite and along 






Mineral Modal Percentage: 
Quartz ± 30% 
Plagioclase 30% 
K-feldspar ± 30% 
Sericite ± 5% 
Biotite ± 4% 
Hornblende ± 1% 
Chlorite ± <1% 
Titanite ± <1% 
Magnetite ± <1%  
WP13ES68: Little Cottonwood stock ± Unaltered sample 
This monzogranite has a coarse-grained, quartz and K-feldspar 
porphyritic quartz + orthoclase + albite groundmass with a 
granitic texture and annealed grain boundaries. In some of the 
feldspar grains, white mica replaces <10% of the grain. Some of 
the primary biotite in the rock has been partially altered to chlorite 
with intergrown muscovite. Titanite is present in long, euhedral 
rhombs (~1 mm). This sample represents the least altered Little 
Cottonwood stock granite to compare it to the phyllic alteration 
seen in the other samples. 
 
Quartz ± fine- to medium-grained, anhedral and rounded grain shapes. These grains show some 
undulatory extinction and remain unaltered.  
K-feldspar ± the K feldspar in this sample occurs as mostly orthoclase as anhedral-subhedral 
phenocrysts. There are some smaller grains showing microcline twinning. This sample is weakly 
altered to white phyllosilicate minerals.  
Plagioclase ± determined to be albitic to mostly oligoclase in composition using the Michel-
Lévy method. The grains are fine- to medium-grained and subhedral to euhedral. The plagioclase 
grains show weak sericitic alteration. The primary growth twins and simple albite twins have 
been retained 
White mica ± occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase and the orthoclase as aphanitic crystal aggregates.  
Biotite ± occurs as subhedral and euhedral relict, slightly bent crystals that have been partially 
replaced by chlorite.  
Hornblende ± smaller (<0.8 mm), euhedral, slightly fragmented rhombohedral, green crystals. 
Found throughout the groundmass.  
Chlorite ± occurs as an alteration product of primary biotite and hornblende   
Titanite ± fine-grained, euhedral rhombs that are unaltered and associate with larger laths of 
biotite. 
Magnetite ± fine-grained, anhedral equant crystals that occur throughout the sample. Very minor 






Mineral Modal Percentage: 
Quartz ± 80% 
White mica ± 18% 
Muscovite ± 1% 




BK13ES003: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins in the 
quartzite.  The quartzite is composed of rounded, moderately 
sorted quartz grains. There does not appear to be any other 
clast type. The matrix is composed of very fine-grained quartz 
and white phyllosilicates ± either muscovite or phengite. The 
white phyllosilicates occur in patches and in veinlets with 
coarser-grained, radiating muscovite. These veinlets are 
composed of ~85% very fine-grained white micas and some contain very fine-grained hematite. 
There are some glomeritic titanite crystals which also trend along the veinlet. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. Some of the larger 
clasts (<1 mm) have subgrain formation. It is likely that the subgrains formed pre-
metamorphism, before erosion and deposition as it is not present in all the grains.  
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. In the vein, the white micas are aligned along their long axis and trend 
parallel to the veinlet. 
Muscovite ± Occurs as larger laths in the white mica-hematite veinlet. The sheets are radiating 
and intergrown with hematite. 
Hematite ± Occurs along the veinlet outlined by the increased concentration of white micas and 
lack of quartz clasts. The relict cubic shapes suggest it is after pyrite. 
Titanite ± Occurs along the veinlet outlined by the increased concentration of white micas and 
lack of quartz clasts. The grains are subhedral and glomeritic and the mineral clusters lie along 






Mineral Modal Percentage: 
Quartz ± 35% 
Hydrothermal quartz ± 10% 
White mica ± 20% 
Muscovite ± 5% 
Hematite ± 15%  
Jarosite ±15% 
BK13ES009: Harmony Formation - Quartzite 
This sample displays brecciating hematite + jarosite + quartz 
veinlets within the quartzite.  The quartzite is composed of 
rounded, moderately sorted quartz grains. There is no other 
clast type. The quartz in the groundmass in this sample appears 
to be more annealed and retains less of the clastic appearance 
(result of metamorphism?) than in other samples. The matrix is 
composed of very fine-grained quartz and white 
phyllosilicates, as well as coarser either muscovite or phengite. 
The sample contains veinlets composed of very fine-grained hematite and aphanitic greenish 
jarosite. The veining has brecciated the host rock, with fragmented clasts of the annealed 
quartzite in the vein. Barren hydrothermal quartz veins are cross-cut by the white mica veinlets. 
The jarosite in the veins occurs in patches and in veinlets with cross-cutting coarser-grained, 
radiating muscovite and possible phengite. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is the only clast 
type. Some of the larger clasts (<1 mm) have subgrain formation. It is likely that the subgrains 
formed pre-metamorphism, before erosion and deposition, as not all the grains show the subgrain 
boundaries. The grains are also well annealed with wavy grain boundaries (the result of 
metamorphism). 
Hydrothermal quartz ± The quartz in the veins is finer-grained than the groundmass quartz. In 
one portion of the section, there are quartz veinlets being cross-cut by the greenish white micas 
(sericite?).  
White mica and sericite ± Occurs as sub- to euhedral grains in the quartz matrix as an alteration 
product of the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as 
aphanitic crystal aggregates. In the veining, the there are two generations, the younger generation 
(phengite?) cross-cuts the sericite. 
Muscovite ± Occurs as larger laths in the white mica-hematite veinlet. The sheets are radiating 
and intergrown with the majority of the sericite and other white micas. 
Hematite ± Occurs along the veinlet and with jarosite. Some relict cubic shapes suggest it is 
after pyrite. 
Jarosite ± Occurs along the veinlet and with hematite. Some relict cubic shapes suggest it is 







Mineral Modal Percentage: 
Quartz ± 20% 
K-feldspar ± 10% 
Plagioclase ± 5% 
Muscovite and white mica ± 65% 
Hematite ± 1%  
BK13ES011: Cretaceous granite 
This granite comprises very altered coarse-grained quartz and 
K-spar phenocrysts in a quartz-rich + orthoclase + plagioclase 
groundmass showing a granitic texture with annealed grain 
boundaries.  Feldspars in the groundmass have undergone 
sericite/white mica and other clay mineral alteration with 
white mica replacing up to 95% of some crystals. The pyrite in 
the sample retained much of the relict cubic shape, but formed 
Fe-oxide alteration rims or has been completely altered to Fe-oxides. 
Quartz ± Coarse-grained, anhedral and rounded grain shapes (quartz eyes). These grains show 
some undulatory extinction and are unaltered. There is also finer-grained, anhedral quartz in the 
highly altered groundmass. 
K-feldspar ± The K-feldspar is difficult to distinguish from the plagioclase due to the extensive 
sericitic alteration. The larger relict grains (which show some tartan twinning) are more likely to 
be the microcline, the grain shape and size closely resembles the phenocrysts seen in less altered 
samples.  
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been almost completely altered to white mica. Primary growth twins can be seen in 
some of the less altered grain rims.  
Muscovite ± Occurs occasionally replacing the altered feldspar and in the groundmass. The best 
formed grains replace altered biotite. The altered sheets retain a brown, less altered core.  
White mica ± Occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase as larger, parallel crystals.  
Hematite ± Occurs as a reaction product of the pyrite weathering to Fe-oxide. The primary 
pyrite was hydrothermal and the euhedral grains are seen over-printing the quartz-feldspar 










Mineral Modal Percentage: 
Quartz ± 85% 
White mica ± 14% 
Muscovite ± 1% 
Hematite ± 1%  
BK13ES012: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins hosted 
within the quartzite.  The quartzite is composed of rounded, 
moderately sorted quartz grains with <1% plagioclase and 
orthoclase clasts. The feldspars have retained their growth 
twins and are the same size as the smallest visible quartz 
grains. The matrix is composed of very fine-grained quartz and 
white phyllosilicates, either muscovite or phengite. There are narrow (<0.7 mm wide) quartz 
veins which are composed of very fine-grained quartz with wavy grain boundaries. The veins do 
not host white micas or primary pyrite. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is the dominant 
clast type, with some smaller feldspars. Some of the larger clasts (<1 mm) have subgrain 
formation. It is likely that the subgrains formed pre-metamorphism, before erosion and 
deposition, as not all the grains show the subgrain boundaries. The quartz in the vein is clean and 
much finer grained than the quartz clasts. 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. 
Muscovite ± Occurs as larger laths in the white mica-hematite veinlet. The sheets are radiating 
and intergrown with the majority of the hematite in the section. 






Mineral Modal Percentage: 
Quartz ± 90% 
White mica ± 8% 
Muscovite ± 1% 
Hematite ± 1%  
BK13ES013: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins hosted 
within the quartzite.  The quartzite is composed of rounded, 
moderately sorted quartz grains. The matrix is composed of 
very fine-grained quartz and white phyllosilicates, either 
muscovite or phengite. There are <7 mm wide quartz veins 
which are composed of medium-grained quartz with well-
developed and annealed grain boundaries. These veins do not host white micas or primary pyrite.  
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is the dominant 
clast type. Some of the larger clasts (<1 mm) have subgrain formation. It is likely that the 
subgrains formed pre-metamorphism, before erosion and deposition, as not all grains show the 
subgrain boundaries. The quartz in the vein is clean and coarser-grained than the quartz clasts. 
The quartz vein shows no hematite or white mica in between the grain boundaries. 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. 
Muscovite ± Occurs as larger laths in the white mica-hematite veinlet. The sheets are radiating 
and intergrown with the majority of the hematite in the section. 






Mineral Modal Percentage: 
Quartz ± 50% 
Hydrothermal quartz ± 10% 
White mica ± 10% 
Biotite ± 5% 
Hematite ± 20%  
Jarosite ±5% 
BK13ES016: Harmony Formation ± Hydrothermal breccia 
This sample displays brecciating hematite + jarosite + quartz 
veinlets within the Harmony Formation quartzite.  The breccia 
is chaotic and polymictic. The predominantly clast lithology is 
the Harmony Formation quartzite. The quartzite clasts are 
composed of rounded, moderately sorted quartz grains. The 
matrix of the quartzite is composed of very fine-grained quartz 
and white phyllosilicates as well as coarser muscovite or 
phengite. There is a very minor clast component of biotite-rich 
clasts. These clasts may also be sedimentary in origin (from the Harmony formation) and the 
biotite suggests a more Al-rich or pelitic protolith. The sample contains veinlets composed of 
very fine-grained hematite and aphanitic greenish jarosite. The veining has brecciated the host 
rock, with fragmented clasts of the annealed quartzite in the vein. There are numerous, angular 
single quartz grains within the hematitic veins which may be hydrothermal in origin and were 
subsequently brecciated, or were the result of brecciation of the quartzite. The jarosite in the 
veins occurs in patches around some of the quartzite clasts. There are no primary or secondary 
sulphides. 
Quartz ± The quartz in the quartzite clasts is rounded and moderately sorted. Some of the larger 
clasts (<1 mm) show subgrain development. It is likely that the subgrains formed pre-
metamorphism, before erosion and deposition as not all the grains show the subgrain boundaries. 
The grains are also well annealed with wavy grain boundaries (the result of metamorphism). 
Hydrothermal quartz ± The quartz in the breccia is finer-grained than the groundmass quartz 
and very angular. The numerous, angular single quartz grains found within the hematitic veins 
may be hydrothermal in origin and were subsequently brecciated; or were the result of 
brecciation of the quartzite into individual grains. 
White mica and sericite ± Occurs as sub- to euhedral grains in the quartz matrix as an alteration 
product of the pelitic component of the sandstone protolith in the quartzite clasts. It occurs as 
fine-grained laths and as aphanitic crystal aggregates. 
Biotite ± Occurs as sub- to euhedral grains in the quartz matrix as an alteration product of the 
pelitic component of the sandstone protolith in the quartzite clasts. It represents a secondary type 
of metasedimentary clast. 
Hematite ± Occurs as the main mineral matrix of the breccia veins. It was most likely a 
sulphidic breccia cement prior to its alteration to Fe-oxides. There may be a component of 
goethite in the cement. It occurs with jarosite. Some of the breccia vein outlines retained a relict 





Jarosite ± Occurs along the veinlet and with hematite. Some relict cubic shapes suggest it is 






Mineral Modal Percentage: 
Quartz ± 80% 
White mica ± 18% 
Muscovite ± 1% 
Hematite ± 1%  
BK13ES017: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins (<2mm) 
hosted within the quartzite.  The quartzite is composed of 
rounded, moderately sorted quartz grains. There is no other 
clast type. The matrix is composed of very fine-grained quartz 
and white phyllosilicates, either muscovite or phengite. The 
white phyllosilicates occur in patches and in veinlets with 
coarser-grained, radiating muscovite. These veinlets are composed of very fine-grained quartz. 
There is a hematite-white mica vein running along the quartz vein.  
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is only clast type. 
Some of the larger clasts (<1 mm) have subgrain formation. It is likely that the subgrains formed 
pre-metamorphism, before erosion and deposition, as not all the grains show the subgrain 
boundaries. The quartz in the veins is finer-grained than the groundmass quartz. 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. In the hematitic vein, the white mica content is higher adjacent to the relict 
pyrite grains. 
Muscovite ± Occurs as larger laths in the quartzite matrix.  
Hematite ± Occurs along the quartz vein and is associated with the increased concentration of 







Mineral Modal Percentage: 
Quartz ± 87% 
White mica ± 12% 
Muscovite ± 1% 
Hematite ± 1%  
BK13ES018: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins (<1.5 mm 
wide) hosted within the quartzite.  The quartzite is composed 
of rounded, moderately sorted quartz grains with <1% 
plagioclase and orthoclase clasts. The feldspars have retained 
their growth twins and are the same size as the smallest visible 
quartz grains. The matrix is composed of very fine-grained 
quartz and white phyllosilicates, either muscovite or phengite. There are narrow (<0.7 mm wide) 
quartz veins which are composed of very fine-grained quartz with wavy grain boundaries. These 
veins do not host white micas or primary pyrite. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is the dominant 
clast type, with some smaller feldspars. Some of the larger clasts (<1 mm) have subgrain 
formation. It is likely that the subgrains formed pre-metamorphism, before erosion and 
deposition, as not all the grains show the subgrain boundaries. The quartz in the vein is clean and 
much finer grained than the quartz clasts. There are some patches within the quartzite which 
show very fine-grained quartz that is possibly hydrothermal quartz. 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. There is a slight increase of white micas adjacent to the quartz veins. 
Muscovite ± Occurs as individual larger laths in the white mica, interstitial matrix.  






Mineral Modal Percentage: 
Quartz ± 80% 
White mica ± 18% 
Muscovite ± 1% 
Hematite ± 1%  
BK13ES021: Harmony Formation - Quartzite 
This sample was collected to examine rusty veins (<0.7 mm 
wide) hosted within the quartzite.  The quartzite is composed 
of rounded, moderately sorted quartz grains. There is no other 
clast type. The matrix is composed of very fine-grained quartz 
and white phyllosilicates, either muscovite or phengite. These 
veinlets are composed of ~85% very fine-grained hematite and 
some contain very fine-grained white micas. There is some quartz in some of the veinlets. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. It is the only clast 
type. Some of the larger clasts (<1 mm) have subgrain formation. It is likely that the subgrains 
formed pre-metamorphism, before erosion and deposition, as not all the grains show the subgrain 
boundaries.  
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. In the vein, the white micas make up a minor portion of the veinlets. 
Muscovite ± Occurs as larger laths in the white mica matrix 
Hematite ±The veinlet is outlined by the increased concentration of white micas and is 






Mineral Modal Percentage: 
Quartz ± 35% 
Hydrothermal quartz ± 10% 
White mica ± 20% 
Muscovite ± 5% 
Hematite ± 12%  
Jarosite ±18% 
BK13ES022: Harmony Formation - Quartzite 
This sample displays brecciating hematite + jarosite + quartz + 
white mica veinlets within the quartzite.  The quartzite is 
composed of rounded, moderately sorted quartz grains. There 
is no other clast type. The quartz in the groundmass in this 
sample appears to be more annealed and retains less of the 
clastic appearance (result of metamorphism?). The matrix is 
composed of very fine-grained quartz and white phyllosilicates 
as well as coarser either muscovite or phengite. This sample 
shows fluid pathways through veinlets composed of very fine-grained hematite and aphanitic 
greenish jarosite. The veining has brecciated the host rock, with fragmented clasts of the 
annealed quartzite in the vein. Some of these clasts are quartzites with quartz veins hosted within 
the clast.  The fluid pathways also show barren hydrothermal quartz veins which are cross-cut by 
the white mica veinlets. The jarosite in the veins occur in patches and tends to be in the centre of 
the veinlets with hematite selvages.  
Quartz ± The quartz in the groundmass is rounded and moderately sorted. Some of the larger 
grains (<1 mm) have subgrain formation. It is likely that the subgrains formed pre-
metamorphism, before erosion and deposition, as not all the grains show the subgrain 
boundaries. The grains are also well annealed with wavy grain boundaries (the result of 
metamorphism).  
Hydrothermal quartz ± The quartz in the veins is finer-grained than the groundmass quartz. 
There are quartz veins in brecciated quartzite fragments in the vein.  
White mica and sericite ± Occurs as sub- to euhedral grains in the quartz matrix as an alteration 
product of the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as 
aphanitic crystal aggregates.  
Muscovite ± Occurs as larger laths in the white mica-hematite veinlet. The sheets are radiating 
and intergrown with the majority of the sericite and other white micas. 
Hematite ± Occurs along the veinlet and occurs with jarosite. Some relict cubic shapes suggest it 
is after pyrite. The edges of the brecciating veins tend to be composed of hematite with jarosite 
cores. 
Jarosite ± Occurs along the veinlet and occurs with hematite. The core of the veins comprises 






Mineral Modal Percentage: 
Quartz ± 35% 
Hydrothermal quartz ± 20% 
White mica ± 40% 
Hematite ± 5%  
BK13ES028: Harmony Formation - Quartzite 
This sample was collected to examine quartz veins hosted 
within the quartzite.  The quartzite is composed of rounded, 
well-sorted quartz grains. There is no other clast type. The 
matrix is composed of a much higher content of very fine-
grained quartz and white phyllosilicates ± either muscovite or 
phengite ± then the other quartzite samples. There are <7 mm 
wide quartz veins which are composed of medium-grained quartz with well-developed and 
annealed grain boundaries. These quartz veins do not host white micas or primary pyrite. There 
is a single occurrence of altered pyrite and intergrown white micas in a vein. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. The groundmass is so 
fine-grained, that it suggests either recrystallization due to metamorphism or due to hydrothermal 
quartz replacement.  
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. In the vein, the white micas are aligned along their long axis and trend 
parallel to the veinlet and are intergrown with the hematite. 
Hematite ± Occurs along the veinlet outlined by the increased concentration of white micas and 






Mineral Modal Percentage: 
Quartz ± 55% 
Hydrothermal quartz ± 40% 
White mica ± 3% 
Muscovite ± 1% 
Hematite ± 1%  
Relict feldspars - <1% 
BK13ES044: Harmony Formation - Quartzite 
This sample was collected to examine barren quartz veins 
hosted within the quartzite.  The quartzite is composed of well 
annealed, medium- to coarse-grained quartz. The matrix is 
composed of fine-grained quartz and white phyllosilicates, 
either muscovite or phengite. As well, there are a few relict, 
clastic feldspar grains which have been partially altered to 
muscovite. There are <8 mm wide quartz veins which are 
randomly oriented and are composed of medium-grained 
quartz with well-developed and annealed grain boundaries. These veins do not host white micas 
or primary pyrite. There are rusty, cubic outlines which suggest primary pyrite grains throughout 
the groundmass. 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. Some of the larger 
clasts (<1 mm) have subgrain formation that likely formed pre-metamorphism, before erosion 
and deposition, as not all the grains show the subgrain boundaries.  
Hydrothermal quartz ± The quartz in the vein is clean and coarser-grained than the quartz 
clasts. The quartz vein shows no hematite or white mica in between the grain boundaries. 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. It also occurs as the alteration product of the feldspars. 
Muscovite ± Occurs as larger laths in the white mica-rich patches. 







Mineral Modal Percentage: 
Quartz ± 27% 
K-feldspar ± 28% 
Plagioclase ± 22% 
White mica ± 12% 
Hornblende ± 10%  
Biotite ± <1% 
Pyrite ± <1% 
Hematite ± 1% 
BK13ES048: Tertiary granite 
The monzogranite comprises quartz and feldspar phenocrysts 
in a quartz-rich + microcline + oligoclase + hornblende 
groundmass. Feldspars in the very fine-grained groundmass 
have been altered to sericite/white mica and other clay mineral 
with white mica replacing up to 15% of the crystals. The most 
common ferromagnesian mineral is hornblende which has 
been partially altered to biotite. The sample contains some 
quartz veins (<3mm wide) which cross-cut the phenocrysts 
and the groundmass and contain trace euhedral, altered pyrite. 
 
Quartz ± Very coarse-grained rounded phenoncrysts which reach 9mm in diameter. These 
grains show some undulatory extinction, no subgrain formation and are unaltered. Fine-grained, 
anhedral quartz occurs in the altered groundmass. The largest quartz phenocrysts contain 
hornblende inclusions. 
K-feldspar ± The medium- to fine-grained K-feldspar crystals are euhedral and show some 
compositional zonation. They have undergone some sericitic alteration. The phenocrysts (which 
show some tartan twinning) are microcline.  
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been partially altered to white micas (~15% of the grain). Primary growth twins 
identify the composition as being oligoclase. The phenocrysts are euhedral and show some 
compositional zonation.  
White mica ± Occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase and the microcline. Dominantly occur as fine-grained laths 
and aphanitic crystal aggregates. 
Hornblende ± Occurs as subhedral to euhedral crystals throughout the groundmass. The crystals 
are not altered and are fragmented. Some crystals show simple twins and rarely occur as 
inclusions in quartz. 
Biotite ± Occurs as an alteration product of hornblende and with hematite. 
Pyrite ± Cubic crystals occur mostly as isolated grains in a quartz vein. Much of the pyrite has 
been altered to hematite. 







Mineral Modal Percentage: 
Quartz ± 20% 
Hydrothermal quartz ± 35% 
K-feldspar ± 10% 
Plagioclase ± 5% 
White mica ± 28% 
Hematite ± 1%  
Titanite ± 1% 
Epidote ± <1% 
Chlorite ± <1% 
BK13ES050: Tertiary granite 
This altered monzogranite with barren quartz stockwork veins 
comprises altered fine-grained quartz and K-spar phenocrysts 
in a quartz-rich + orthoclase + plagioclase groundmass. The 
feldspars in the groundmass have undergone sericite/white 
mica and other clay mineral alteration replacing up to 55% of 
some crystals. Primary, magmatic ferromagnesian minerals 
have been altered to opaque minerals (Fe-oxides), titanite and 
epidote. This sample contains quartz stockwork veins. There is 
trace chlorite associated with the vein selvages. 
Quartz ± Fine-grained, anhedral and rounded grain shapes 
(quartz eyes). These grains show some undulatory extinction and are unaltered. There is also 
finer-grained, anhedral quartz in the highly altered groundmass. 
Hydrothermal quartz ± The quartz in the veins is fine-grained and unmineralized with no 
associated pyrite/sericite alteration. There are rare fans of radiating chlorite.  
K-feldspar ± The K-feldspar is difficult to distinguish from the plagioclase due to the sericitic 
alteration but the larger relict grains (which show some tartan twinning) are more likely to be 
microcline. The K-feldspar have irregular and wavy grain boundaries. 
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been almost completely altered to white mica. Primary growth twins can be seen in 
some of the less altered grain rims. The plagioclase crystals have irregular and wavy grain 
boundaries.  
White mica ± Occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase and the microcline. Dominantly fine-grained laths and 
aphanitic crystal aggregates 
Titanite ± Occurs as mostly isolated, euhedral rhombs over-printing the quartz-feldspar 
groundmass. Its proximity to some ferromagnesian mineral clusters suggests that it may be the 
product of an alteration reaction 
Chlorite ± Occurs as subhedral crystals in aggregates along a quartz vein as fans and laths. 
Epidote ± Occurs as mostly isolated, subhedral, hexagonal crystals overprinting the quartz-







Mineral Modal Percentage: 
Quartz ± 30% 
K-feldspar ± 20% 
Plagioclase ± 15% 
White mica ± 12% 
Chlorite ± 5%  
Hematite ± <1% 
Titanite ± <1% 
Clinozoisite ± <1% 
 
 
BK13ES051: Tertiary granite 
The monzogranite comprises quartz and feldspar phenocrysts 
in a quartz-rich + microcline + oligoclase groundmass. 
Feldspars in the very fine-grained groundmass have been 
altered to sericite/white mica and other clay minerals with 
white mica replacing up to 75% of the crystals. There are some 
suggestions of relict ferromagnesian minerals which have been 
altered to chlorite + muscovite? + hematite ± clinozoisite.  
There is no obvious mineralisation or pyrite present. 
 
Quartz ± Very coarse-grained rounded phenoncrysts which reach 5mm in diameter. These 
grains show some undulatory extinction, no subgrain formation and are unaltered. There is also 
finer-grained, anhedral quartz in the altered groundmass. 
K-feldspar ± The medium- to fine-grained K-feldspar has undergone sericitic alteration. The 
phenocrysts (which show some tartan twinning) are microcline. The phenocrysts are euhedral 
and show some compositional zonation with the rims of the grains being preferentially altered. 
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been partially altered to white micas (~75% of the grain). Primary growth twins 
identify the composition as being oligoclase. The crystals are euhedral and show some 
compositional zonation with the rims of the grains being preferentially altered. 
White mica ± Occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of plagioclase and microcline. Dominantly occur as fine-grained laths and 
aphanitic crystal aggregates. 
Chlorite ± Occurs as complete replacement of subhedral to euhedral biotite sheets throughout 
the groundmass. Occurs with hematite and clinozoisite. 
Titanite ± Occurs as mostly isolated, euhedral rhombs over-printing the quartz-feldspar 
groundmass.  
Clinozoisite ± Occurs as acicular blue crystals forming glomeritic clusters in altered biotite 







Mineral Modal Percentage: 
Quartz ± 85% 
Hematite ± 10%  
Jarosite ±5% 
Specularite ± <1% 
 
BK13ES052: Tertiary Granites ± Hydrothermal breccia 
This sample displays brecciated hematite + jarosite + quartz 
veinlets.  The breccia is chaotic, monomictic and clast-
supported. The predominantly clast is older, crystallized 
hydrothermal quartz. The quartz is barren and contains 
annealed grain boundaries. The sample shows veinlets 
composed of very fine-grained hematite, quartz and aphanitic 
yellow jarosite. The veining has brecciated previous quartz veins but there does not appear to be 
any quartz veins cross-cutting the Fe-oxide veinlets or the annealed brecciated quartz. The 
jarosite and hematite in the veins occurs in patches around the clasts. There are no primary or 
secondary sulphides. The hematite has formed some weathering rinds around specularite.  
Quartz ± The quartz clasts are hydrothermal in origin due to their annealed grain boundaries and 
lack of white mica or biotite (i.e., suggestions of a pelitic component). The clasts are variable in 
size, reaching up to >50 mm wide and are very angular. 
Hematite ± Occurs as the main matrix mineral of the breccia veins. It was most likely asulphidic 
breccia cement prior to its alteration to Fe-oxides. There may be a component of goethite in the 
cement. It occurs with jarosite. Some of the breccia veins outlines retained a relict cubic shape ± 
suggesting the hematite is after pyrite. The Fe-oxides grow in cuniform and botryoidal forms in 
some locations. 
Jarosite ± Occurs along the veinlet and occurs with hematite. Some relict cubic shapes suggest it 
is after pyrite (intergown with hematite). 
Specularite ± Occurs as isolated forms after pyrite. The outer rind is weathered to a darker 













Mineral Modal Percentage: 
Quartz ± 27% 
K-feldspar ± 33% 
Plagioclase ± 22% 
White mica ± 12% 
Hornblende ± 5%  
Titanite ± 1% 
Epidote ± <1% 
 
BK13ES053: Tertiary granite 
The monzogranite comprises altered quartz and feldspar 
phenocrysts in a quartz-rich + microcline + oligoclase 
groundmass. Feldspars in the very fine-grained groundmass 
have been altered to sericite/white mica and other clay mineral 
which replaces up to 20% of some crystals. The most common 
ferromagnesian mineral is hornblende, which has not been 
altered, although it occurs with titanite and epidote. This 
sample contains some quartz and white mica veins and veinlets 
which cross-cut the phenocrysts and the groundmass.  
Quartz ± very coarse-grained rounded phenoncrysts which reach 9mm in diameter. These grains 
show some undulatory extinction, no subgrain formation and are unaltered. There is also fine-
grained, anhedral quartz in the altered groundmass. 
K-feldspar ± The medium- to fine-grained K-feldspar are euhedral and show some 
compositional zonation. They have undergone some sericitic alteration. The phenocrysts (which 
show some tartan twinning) are microcline. 
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They show compositional zoning and have been partially altered to white micas (~15% of the 
grain). Primary growth twins identify the composition as being oligoclase. 
White mica ± Occurs as sub- to euhedral crystals in the quartz-feldspar groundmass as an 
alteration product of the plagioclase and the microcline. Dominantly present as fine-grained laths 
and aphanitic crystal aggregates 
Hornblende ± occurs as subhedral to euhedral crystals throughout the groundmass. The crystals 
are not altered and are fragmented. Some grains some simple twins. 
Titanite ± Occurs as mostly isolated, euhedral rhombs over-printing the quartz-feldspar 
groundmass. Associated with hornblende and epidote. 
Epidote ± Occurs as mostly isolated, subhedral, hexagonal crystals over-printing the quartz-






Mineral Modal Percentage: 
Quartz ± 80% 
White mica ± 12% 
Muscovite ± 5% 
Biotite ± 3% 
Titanite ± <1% 
BK13ES061: Harmony Formation - Quartzite 
This sample was collected to examine cross-cutting quartz 
veins hosted within the quartzite.  The quartzite is composed of 
rounded, moderately sorted quartz grains. There is no other 
clast type. The matrix is composed of very fine-grained quartz, 
biotite and white phyllosilicates, either muscovite or phengite. 
The white phyllosilicates and biotite occur in patches in the 
TXDUW]LWH¶VPDWUL[7KHUHDUHPm wide quartz veins which 
are randomly oriented and are composed of medium-grained quartz with well-developed and 
annealed grain boundaries. These veins do not host white micas or primary pyrite 
Quartz ± The quartz in the groundmass is rounded and moderately sorted. Some of the larger 
clasts (<1 mm) have subgrains that likely formed pre-metamorphism, before erosion and 
deposition as not all the grains show the subgrain boundaries.  The quartz in the veins is fine-
grained and have well annealed grain boundaries. These veins do not host white micas or 
suggestions of primary pyrite 
White mica ± occurs as sub- to euhedral grains in the quartz matrix as an alteration product of 
the pelitic component of the sandstone protolith. It occurs as fine-grained laths and as aphanitic 
crystal aggregates. In the vein, the white micas are aligned along their long axis and trend 
parallel to the veinlet ± defining it. 
Muscovite ± Occurs as larger laths in the white mica-biotite groundmass.  
Biotite ± Occurs as larger laths in the white mica-biotite groundmass.  














Mineral Modal Percentage: 
Quartz ± 40% 
Hydrothermal quartz ± 9% 
K-feldspar ± 10% 
Plagioclase ± 5% 
Muscovite and white mica ± 34% 
Hematite ± 1%  
BK13ES100: Cretaceous granite 
This altered granite comprises very altered coarse-grained 
quartz and K-feldspar phenocrysts in a quartz-rich + orthoclase 
+ plagioclase groundmass that shows a granitic texture with 
annealed grain boundaries.  Feldspars in the groundmass have 
been altered to sericite/white mica and other clay mineral 
alteration. In some of the plagioclase grains, white mica 
replaces up to 95% of the grain. The pyrite in the sample 
retains much of the relict cubic shape, but has Fe-oxide 
alteration rims or has been completely altered to Fe-oxides. 
Quartz ± Coarse-grained, anhedral and rounded grain shapes (quartz eyes). These grains show 
some undulatory extinction and are unaltered. There is also finer-grained, anhedral quartz in the 
highly altered groundmass. 
Hydrothermal quartz ± The quartz in the veins is fine-grained and is associated with 
pyrite/sericite alteration.  
K-feldspar ± The K-feldspar is difficult to distinguish from the plagioclase due to the extensive 
sericitic alteration. The larger relict grains (which show some tartan twinning) are more likely 
microcline as the grain shape and size closely resembles the phenocrysts seen in less altered 
samples.  
Plagioclase ± Several, equant, euhedral altered phenocrysts are found within the groundmass. 
They have been almost completely altered to white micas. Primary growth twins can be seen in 
some of the less altered crystals rims.  
Muscovite ± Occurs occasionally replacing the altered feldspar and in the groundmass.  
White mica ± Occurs as sub- to euhedral grains in the quartz-feldspar groundmass as an 
alteration product of the plagioclase (fine-grained laths and aphanitic crystal aggregates) and the 
orthoclase as larger, parallel crystals.  
Hematite ± Occurs as a reaction product of the pyrite weathering to Fe-oxide. The primary 
pyrite was hydrothermal and the euhedral grains are seen over-printing the quartz-feldspar 









Mineral Modal Percentage: 
Detrital quartz ± 8% 
Hydrothermal quartz ± 52% 
White mica ± <1% 
Pyrite ± 25%  
Arsenopyrite ± 10% 
Chalcopyrite ± <1% 
Sphalerite ± <1% 
Hematite ± 5%  
BK13ES104: Harmony Formation ± Hydrothermal breccia 
This sample displays brecciating quartz veinlets within the 
quartzite within a massive sulphide host.  The breccia is 
FKDRWLFDQGSRO\PLFWLF7KHSUHGRPLQDQWµFODVW¶W\SHLVWKH
brecciated massive sulphides and older quartz veins. There is a 
minor component of quartzite clasts in this unit. The quartz 
grains are round and show interstitial white micas. This sample 
shows fluid pathways marked by the precipitation of 
hydrothermal quartz cement and coeval precipitation of pyrite 
and arsenopyrite. The veining has brecciated the host rock, 
with some fragmented clasts of the annealed quartzite in the 
vein. There are numerous, angular single quartz grains which are probably hydrothermal in 
origin that were subsequently brecciated. The sulphides present are pyrite and arsenopyrite with 
some chalcopyrite and sphalerite inclusions. There is no hematite, except for incomplete 
weathering rind on some of the pyrite, and no jarosite. 
Quartz ± The quartz in the probable quartzite clasts is rounded and moderately sorted. The 
suspected quartzite clasts appear to have clast-supported grain boundaries as opposed to annealed 
edges. 
Hydrothermal quartz ± The quartz in the breccia is finer-grained than the groundmass quartz 
and very angular. The grain size is variable. 
White mica and sericite ± Occurs as sub- to euhedral grains in the quartz matrix as an alteration 
product of the pelitic component of the sandstone protolith in the quartzite clasts. It occurs as 
fine-grained laths and as aphanitic crystal aggregates. 
Pyrite ± Occurs as euhedral grains in the quartz matrix. The pyrite is massive and shows cubic, 
inclusion-free cores, surrounded by very-fine grained granular pyrite and arsenopyrite. This 
texture suggests that the pyrite core acted as a nucleation site for later sulphide precipitation. 
Arsenopyrite ± Occurs as sub- to euhedral grains in the quartz matrix and is often associated 
with pyrite. It occurs as whiter, rhombs in the quartz cement, or as a mineral rind on the pyrite. 
Chalcopyrite ± Occurs as inclusions in the pyrite. 
Sphalerite ± Occurs as inclusions in the pyrite. 










Sample Unit Lithology Easting Northing Elevation PTS Mount  
WP13ES001 White Pine intrusion Granite and quartz-pyrite vein 442630 4489434 2689 
 
  
WP13ES002 Breccia pipe Quartz cement and Mo 442460 4489331 2680 
 
  
WP13ES003 Little Cottonwood stock Porphyritic granite 441521 4488155 2984 Yes Yes  
WP13ES004 Little Cottonwood stock Porphyritic granite 441297 4488190 2925 
 
  
WP13ES005 Lamprophyre Lamprophyric dyke 441314 4488621 2881 Yes Yes  
WP13ES006 Little Cottonwood stock Porphyritic granite 441314 4488621 2881 Yes Yes  
WP13ES007 Little Cottonwood stock Altered granite 441229 4489140 2754 
 
  
WP13ES008 Lamprophyre Lamprophyric dyke 441077 4489629 2657 
 
  
WP13ES009 Little Cottonwood stock Porphyritic granite 441077 4489629 2657 Yes Yes  
WP13ES010 Lamprophyres Lamprophyric dyke 440987 4489867 2591 
 
  
WP13ES011 Little Cottonwood stock Altered granite 441044 4489970 2572 
 
  
WP13ES012 Little Cottonwood stock Porphyritic granite 441116 4490559 2508 
 
  
WP13ES013 Little Cottonwood stock Porphyritic granite 442725 4487733 3093 Yes Yes  
WP13ES014 Little Cottonwood stock Aplitic pegmatite dyke 442725 4487733 3093 
 
  
WP13ES015 Little Cottonwood stock 
Xenolith in Little Cottonwood 
stock 











WP13ES017 Little Cottonwood stock Porphyritic granite 442844 4488617 2861 Yes Yes  
WP13ES018 Little Cottonwood stock Porphyritic granite 442874 4488858 2811 
 
  
WP13ES019 White Pine intrusion Altered granite 442720 4489146 2769 
 
  
WP13ES020 White Pine intrusion Porphyritic granite 442578 4490390 2596 
 
  
WP13ES021 White Pine intrusion Altered granite 441918 4490808 2491 
 
  
WP13ES022 Little Cottonwood stock Porphyritic granite 443573 4491671 2463 Yes Yes  
WP13ES023 White Pine intrusion Porphyritic granite 443213 4490846 2821 
 
  
WP13ES024 White Pine intrusion Porphyritic granite 443124 4490475 2949 
 
  
WP13ES025 White Pine intrusion Aplitic dyke 443156 4490596 2963 
 
  
WP13ES026 White Pine intrusion Porphyritic granite 443269 4490401 3036 Yes Yes  
WP13ES027 White Pine intrusion Porphyritic granite 443257 4490251 3026 
 
  
WP13ES028 White Pine intrusion Porphyritic granite 443365 4490168 3039 Yes Yes  
WP13ES030 Little Cottonwood stock Porphyritic granite 440499 4488348 2984 Yes Yes  
WP13ES031 Little Cottonwood stock Porphyritic granite 440503 4488632 2953 
 
  
WP13ES032 Little Cottonwood stock Aplitic dyke 440542 4488788 2930 
 
  
WP13ES033 Little Cottonwood stock Altered granite 440544 4488874 2919 
 
  







Sample Unit Lithology Easting Northing Elevation PTS PTS  
WP13ES035 Little Cottonwood stock Altered granite 440882 4489169 2808 
 
  
WP13ES036 Little Cottonwood stock Altered granite 441178 4489285 2747 Yes Yes  
WP13ES037 Little Cottonwood stock Altered granite 441648 4487790 3023 
 
  
WP13ES038 Little Cottonwood stock Porphyritic granite 441587 4487880 2988 
 
  
WP13ES039 Little Cottonwood stock Porphyritic granite 442554 4487684 3055 
 
  
WP13ES040 Little Cottonwood stock Porphyritic granite 442564 4488141 3043 Yes Yes  
WP13ES041 Little Cottonwood stock Porphyritic granite 442676 4488242 2963 
 
  
WP13ES042 Little Cottonwood stock Porphyritic granite 442706 4488447 2890 
 
  
WP13ES043 Little Cottonwood stock Aplitic dyke 442641 4488520 2858 
 
  
WP13ES044 Little Cottonwood stock Porphyritic granite 442699 4488669 2819 Yes Yes  
WP13ES045 Little Cottonwood stock Aplitic dyke 442675 4488713 2809 
 
  
WP13ES046 Little Cottonwood stock Altered granite 442741 4488943 2804 Yes Yes  
WP13ES047 Little Cottonwood stock Porphyritic granite 443156 4488003 3073 
 
  
WP13ES048 Little Cottonwood stock Quartz-sericite vein 443156 4488003 3073 
 
  
WP13ES049 Little Cottonwood stock Porphyritic granite 443208 4488086 3103    
WP13ES050 Little Cottonwood stock Porphyritic granite 443175 4488331 3006 
 
  
WP13ES051 Little Cottonwood stock Porphyritic granite 443241 4488575 2993 
 
  
WP13ES052 Little Cottonwood stock Porphyritic granite 443116 4488704 2954 
 
  
WP13ES053 Little Cottonwood stock Altered granite 443025 4488956 2885 
 
  
WP13ES054 White Pine intrusion Porphyritic granite 442964 4489077 2869 Yes Yes  
WP13ES055 White Pine intrusion Porphyritic granite 443722 4489798 3065 
 
  
WP13ES056 White Pine intrusion Porphyritic granite 443536 4489832 3039 
 
  
WP13ES057 White Pine intrusion Altered granite 443489 4489966 2987 
 
  
WP13ES058 Little Cottonwood stock Altered granite 443727 4490549 2884 Yes Yes  
WP13ES059 Little Cottonwood stock Porphyritic granite 443878 4490547 2844 
 
  
WP13ES060 Little Cottonwood stock Porphyritic granite 443755 4490749 2805 
 
  
WP13ES061 Little Cottonwood stock Porphyritic granite 443988 4491009 2749 
 
  
WP13ES062 Breccia pipe Breccia cement and clasts 442582 4489280 2741 
 
  
WP13ES063 Breccia pipe Breccia cement and clasts 442582 4489280 2741 
 
  
WP13ES064 White Pine intrusion Altered granite 442429 4489968 2703 Yes Yes  
WP13ES065 White Pine intrusion Altered granite 442221 4489771 2607 Yes Yes  
WP13ES066 White Pine intrusion Altered granite 442084 4489641 2650 
 
  
WP13ES067 Little Cottonwood stock Porphyritic granite 441797 4491637 2307 
 
  











Sample Unit Lithology Easting Northing Elevation PTS 
BK13ES001 Harmony Fm Quartzite 494048 4495299 1940 
 
BK13ES002 Harmony Fm Quartzite 493975 4495127 1955 
 
BK13ES003 Harmony Fm Quartzite 493887 4495072 1960 Yes 
BK13ES004 Harmony Fm Quartzite 493828 4495078 1980 
 
BK13ES005 Harmony Fm Quartzite 493854 4495695 1862 
 
BK13ES006 Harmony Fm Quartzite 493869 4495675 1835 
 
BK13ES007 Harmony Fm Quartzite 493884 4495688 1870 
 
BK13ES008 Buckingham porphyry Porphyritic granite 494028 4495774 1853 
 
BK13ES009 Harmony Fm Quartzite 493872 4495778 1890 Yes 
BK13ES010 Harmony Fm Slate 493290 4493079 1711 
 
BK13ES011 Buckingham porphyry Porphyritic granite 493264 4493194 1774 Yes 
BK13ES012 Harmony Fm Quartzite 493242 4493400 1815 Yes 
BK13ES013 Harmony Fm Quartzite 493242 4493505 1851 Yes 
BK13ES014 Harmony Fm Quartzite 493309 4493679 1902 
 
BK13ES015 Harmony Fm Quartzite 493467 4493840 1974 
 
BK13ES016 Hydrothermal Breccia Polymictic breccia 493490 4493881 1984 Yes 
BK13ES017 Harmony Fm Quartzite 493543 4494037 2023 Yes 
BK13ES018 Harmony Fm Quartzite 493667 4494161 2038 Yes 
BK13ES019 Harmony Fm Quartzite 493740 4494130 2043 
 
BK13ES020 Harmony Fm Quartzite 493803 4494098 2055 
 
BK13ES021 Harmony Fm Quartzite 493689 4494250 2005 Yes 
BK13ES022 Harmony Fm Quartzite + breccia 493674 4494432 2021 Yes 
BK13ES023 Harmony Fm Altered quartzite 493704 4494629 2023 
 
BK13ES024 Harmony Fm Altered quartzite 493819 4494693 2034 
 
BK13ES025 Harmony Fm Altered quartzite 493870 4494735 2034 
 
BK13ES026 Harmony Fm Leached cap 493796 4494753 2001 
 
BK13ES027 Harmony Fm Quartzite 493834 4494857 1986 
 
BK13ES028 Harmony Fm Quartzite 493830 4495512 1816 Yes 
BK13ES029 Buckingham porphyry Porphyritic granite 495943 4495282 1656 
 
BK13ES030 Buckingham porphyry Porphyritic granite 495958 4495274 1660 
 
BK13ES031 Buckingham porphyry Porphyritic granite 495986 4495359 1675 
 
BK13ES032 Buckingham porphyry Porphyritic granite 496043 4495376 1690 
 
BK13ES033 Buckingham porphyry Porphyritic granite 496157 4495370 1690 
 
BK13ES034 Buckingham porphyry Porphyritic granite 496263 4495401 1720 
 
BK13ES035 Harmony Fm Quartzite 496257 4495397 1711 
 






BK13ES037 Buckingham porphyry Porphyritic granite 496359 4495459 1755 
 
BK13ES038 Buckingham porphyry Porphyritic granite 496342 4495292 1765 
 
BK13ES039 Buckingham porphyry Porphyritic granite 496262 4495161 1732 
 
BK13ES040 Buckingham porphyry Porphyritic granite 496241 4495193 1732 
 
BK13ES041 Buckingham porphyry Monzogranite 495555 4495735 1694 
 
BK13ES042 Buckingham porphyry Porphyritic granite 495346 4495793 1736 
 
BK13ES043 Buckingham porphyry Monzogranite 495158 4495801 1757 
 
BK13ES044 Harmony Fm Quartzite 495061 4495804 1760 Yes 
BK13ES045 Harmony Fm Quartzite 495799 4495642 1675 
 
BK13ES046 Harmony Fm Slate 493125 4493125 1740 
 
BK13ES047 Buckingham porphyry Monzogranite 495575 4497315 1829 
 
BK13ES048 Tertiary granites Granodiorite 495592 4497269 1821 Yes 
BK13ES049 Tertiary granites Granodiorite 495597 4497267 1818 
 
BK13ES050 Tertiary granites Monzogranite 495602 4497295 1820 Yes 
BK13ES051 Tertiary granites Monzogranite 495704 4497207 1781 Yes 
BK13ES052 Tertiary granites Hydrothermal breccia 495681 4497212 1786 Yes 
BK13ES053 Tertiary granites Quartz granite 496126 4497348 1780 Yes 
BK13ES054 Tertiary granites Porphyritic granite 496496 4497072 1749 
 
BK13ES055 Tertiary granites Granodiorite 496496 4497069 1748 
 
BK13ES056 Harmony Fm Quartzite 496005 4496796 1731 
 
BK13ES057 Harmony Fm Quartzite 495783 4496637 1727 
 
BK13ES058 Tertiary granites Porphyritic granite 495531 4496420 1741 
 
BK13ES059 Harmony Fm Cu-minzd quartzite 495423 4496484 1744 
 
BK13ES060 Harmony Fm Quartzite 495288 4496112 1717 
 
BK13ES061 Harmony Fm Quartzite 495300 4496176 1725 Yes 
BK13ES062 Harmony Fm Quartzite 495249 4496328 1764 
 
BK13ES063 Harmony Fm Quartzite 495104 4496069 1731 
 
BK13ES100 Buckingham porphyry Porphyritic granite 494781 4495855 1800 Yes 
BK13ES101 Buckingham porphyry Porphyritic granite 494649 4495456 1780 
 
BK13ES102 Harmony Fm Quartzite 494552 4495308 1825 
 
BK13ES103 Harmony Fm Quartzite 494527 4495031 1887 
 
BK13ES104 Buckingham porphyry Breccia 494189 4494905 1943 Yes 
BK13ES105 Harmony Fm Hornfels 494314 4494553 1858 
 
BK13ES106 Tertiary granites Quartz granite 494239 4494450 1866 
 
BK13ES107 Tertiary granites Monzogranite 494379 4494988 1907 
 
BK13ES108 Harmony Fm Quartzite 494101 4496025 1829 
 
BK13ES109 Harmony Fm Quartzite 494207 4496050 1808 
 
BK13ES110 Harmony Fm Quartzite 494507 4495843 1797 
 









White Pine Fork Mo Porphyry 
Sample Easting Northing Elevation Hydrothermal Qz Igneous Qz Sedimentary Qz Pyrite 
WP13ES02 442460 4489331 2680 X 
  
X 
WP13ES03 441521 4488155 2984 X X 
 
X 
WP13ES05 441314 4488621 2881 X 
   
WP13ES06 441314 4488621 2881 X X 
 
X 
WP13ES07 441229 4489140 2754 X X 
 
X 
WP13ES13 442725 4487733 3093 X X 
 
X 
WP13ES22 443573 4491671 2463 X X 
 
X 
WP13ES23 443213 4490846 2821 X X 
 
X 
WP13ES41 442676 4488242 2963 X 
  
X 
WP13ES44 442699 4488669 2819 
   
X 
WP13ES46 442741 4488943 2804 X 
  
X 
WP13ES50 443175 4488331 3006 
   
X 
WP13ES52 443116 4488704 2954 X X 
 
X 
WP13ES53 443025 4488956 2885 X 
  
X 
WP13ES63 442582 4489280 2741 X 
  
X 
WP13ES64 442429 4489968 2703 X X 
 
X 
WP13ES65 442221 4489771 2607 X X 
 
X 
Buckingham Mo (-Cu) Porphyry 
Sample Easting Northing Elevation Hydrothermal Qz Igneous Qz Sedimentary Qz Pyrite 
BK13ES001 494048 4495299 1940 X 
BK13ES003 493887 4495072 1960 X X 
BK13ES006 493854 4495695 1862 X 
BK13ES009 493872 4495778 1890 X 
BK13ES012 493242 4493400 1815 X X 
BK13ES013 493242 4493505 1851 X X 
BK13ES015 493467 4493840 1974 X X 
BK13ES017 493543 4494037 2023 X X 
BK13ES018 493667 4494161 2038 X X 
BK13ES020 493803 4494098 2055 X 
BK13ES021 493689 4494250 2005 X 
BK13ES025 493870 4494735 2034 X X 
BK13ES028 493830 4495512 1816 X X 
BK13ES044 495061 4495804 1760 X X 
BK13ES046 493125 4493125 1740 X 
BK13ES050 495602 4497295 1820 X X 





BK13ES061 495300 4496176 1725 X X 
BK13ES063 495104 4496069 1731 X 
BK13PH100 494781 4495855 1800 X X X 
BK13PH101 494649 4495456 1780 X X 
BK13PH102 494552 4495308 1825 X X X 
BK13PH104 494189 4494905 1943 X 
Appendix 3: White Pine and Buckingham
geochronology data
Sample WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02 WP13ES02
Mthd U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb
Locality WSR WSR WSR WSR WSR WSR WSR WSR WSR WSR WSR WSR WSR WSR
Min dated Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr
Unit WP WP WP WP WP WP WP WP WP WP WP WP WP WP
Rock type Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc Mzgpc
 Age (Ma) 25.5 26 26 26.1 26.4 26.4 26.6 26.6 26.7 26.8 26.9 27 27.1 27.7
± 2 ! 0.5 1.3 1.2 0.9 0.8 1 0.7 0.9 0.8 1 1.4 0.6 0.6 1
206Pb/238U 0.004 0.0041 0.0043 0.0041 0.0041 0.0042 0.0041 0.0041 0.0042 0.0042 0.0044 0.0042 0.0042 0.0044
± 1 RSE 0.0205 0.0486 0.0453 0.0359 0.0281 0.0371 0.0243 0.0344 0.0282 0.0356 0.051 0.023 0.0226 0.0345
208Pb/232Th 0.0013 0.0019 0.0032 0.0014 0.0014 0.0016 0.0014 0.0014 0.0017 0.0014 0.0016 0.0013 0.0014 0.0016
± 1 RSE 0.0247 0.117 0.1152 0.0657 0.0509 0.0717 0.0449 0.0512 0.0612 0.0544 0.0789 0.0408 0.0447 0.0896
207Pb/206 0.0455 0.0576 0.1 0.0445 0.0476 0.0561 0.048 0.0481 0.0629 0.0551 0.0817 0.0496 0.0467 0.0562
± 1 RSE 0.0488 0.1551 0.1159 0.087 0.0794 0.0979 0.0595 0.1073 0.0894 0.0884 0.1551 0.065 0.0697 0.1026
Pb204 (ppm) 0.0226 0.0129 0.043 0.024 0.0652 0.0155 0 0.0079 0.0367 0.0514 0 0.0287 0 0
Pb206 (ppm) 7.88 3.2178 5.2361 4.3453 4.2703 2.6703 5.1848 5.0986 3.8672 4.0331 2.0325 6.6883 4.5619 3.0932
Pb207 (ppm) 0.3596 0.1984 0.5637 0.1887 0.2029 0.1503 0.2457 0.2399 0.2439 0.2153 0.147 0.3186 0.2067 0.1599
Pb208 (ppm) 2.53 0.55 1.17 0.61 0.57 0.40 0.67 1.14 0.77 0.60 0.48 1.29 0.61 0.37
Th232 (ppm) 1913.67 330.83 360.11 458.96 401.74 273.54 494.41 865.88 444.71 445.17 308.73 1024.40 418.71 254.65
U238 (ppm) 1957.87 842.76 1319.31 1124.82 1060.67 653.61 1238.92 1286.24 929.36 1013.07 480.49 1655.36 1061.35 718.85
Ti49 (ppm) 5.95 5.75 0.03 0.49 3.18 0.73 3.24 4.74 2.10 5.36 9.46 3.62 1.24 1.40
Fe56 (ppm) 0.00 3.83 80.08 5.24 1.86 0.00 1.72 1.18 10.40 689.28 9.49 5.01 2.80 6.51
Hf178 (ppm) 11188.32 11925.37 12958.72 12926.68 13162.14 12155.74 13175.28 12185.12 12597.27 11870.56 11144.93 11717.39 12869.50 12157.71
238U/206Pb 252.046 244.4062 230.2822 246.6569 243.4809 240.6356 241.3749 240.9796 235.8695 237.2936 228.2954 237.408 237.4019 229.6701
± 1 Std Err 5.1747 11.8741 10.4431 8.8644 6.8371 8.9255 5.8571 8.292 6.6464 8.4551 11.6524 5.4496 5.3732 7.9344
207Pb/206Pb 0.0455 0.0576 0.1 0.0445 0.0476 0.0561 0.048 0.0481 0.0629 0.0551 0.0817 0.0496 0.0467 0.0562
± 1 Std Err 0.0022 0.0089 0.0116 0.0039 0.0038 0.0055 0.0029 0.0052 0.0056 0.0049 0.0127 0.0032 0.0033 0.0058
common Pb 0.8373 0.8373 0.8374 0.8373 0.8373 0.8373 0.8373 0.8373 0.8374 0.8374 0.8374 0.8374 0.8374 0.8374
206Pb/238U age 25.5257 26.322 27.9329 26.0823 26.4218 26.7336 26.6519 26.6955 27.2727 27.1093 28.1755 27.0963 27.097 28.0072
± 1 Std Err 0.5241 1.2788 1.2667 0.9374 0.7419 0.9916 0.6467 0.9186 0.7685 0.9659 1.4381 0.622 0.6133 0.9676
208Pb/232Th age 25.773 37.5787 65.415 27.6087 28.2685 31.3648 28.689 28.0799 34.6043 27.929 33.0537 26.5162 28.391 32.3548
± 1 Std Err 0.6364 4.3954 7.533 1.815 1.4388 2.2494 1.2884 1.4372 2.1184 1.5205 2.6072 1.0805 1.2687 2.9002
207Pb/206Pb age -26.1445 515.023 1624.8777 -81.2985 78.3348 457.0902 97.2808 103.0792 705.684 415.8156 1239.091 178.1544 31.4316 460.8958
± 1 Std Err 59.1488 170.3279 107.7562 106.5218 94.2701 108.6197 70.3892 126.813 95.052 98.7931 151.9922 75.7683 83.4732 113.741
spot size ("m) 26 26 26 26 26 26 26 26 26 26 26 26 26 26
repetition (Hz) 5 5 5 5 5 5 5 5 5 5 5 5 5 5
fluence (Jcm2) 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07
mode spot spot spot spot spot spot spot spot spot spot spot spot spot spot
Hg202 15.02 0.00 0.00 0.00 0.00 0.00 37.54 0.00 0.00 0.00 42.43 6.87 76.73 25.53
Pb204 8.94 6.14 21.24 11.02 28.33 6.92 0.00 3.60 16.67 23.32 0.00 12.92 0.00 0.00
Pb206 3186.42 1564.92 2637.33 2038.14 1894.72 1218.88 2042.86 2361.14 1793.70 1866.18 949.56 3077.16 1846.52 1300.43
Pb207 147.07 97.60 287.12 89.50 91.01 69.38 97.89 112.38 114.41 100.76 69.44 148.21 84.61 67.93
Pb208 1042.98 271.25 601.97 293.51 256.19 184.23 269.09 539.64 366.62 284.52 229.22 607.68 250.44 159.75
Th232 828803.53 172279.39 194128.18 230490.01 190726.70 133741.61 208605.79 429433.36 220782.87 220527.23 154360.81 504344.82 181427.83 114188.17
U238 938160.29 485537.42 786786.26 624942.18 557041.84 353575.38 578337.99 705771.96 510428.28 555197.45 265761.21 901552.27 508766.39 356373.91
Ti49 16.71 19.40 0.10 1.60 9.82 2.30 8.87 15.24 6.76 17.23 30.74 11.59 3.48 4.14
Fe56 0.10 253.61 5497.47 334.98 112.40 0.10 92.06 74.17 657.31 43456.59 604.59 314.17 154.60 374.57
Zr90 39173371 47118829 48806699 45445395 42998431 44218144 38172748 44864138 44943159 44833433 45272405 44584801 39220166 40789302
Hf178 1762609 2259339 2542227 2361908 2274395 2161772 2022354 2198370 2275834 2139607 2027940 2099582 2029095 1988194
Fe56BG 4653.60 4317.80 4407.07 4536.15 4660.07 5115.68 4423.71 4634.24 4516.04 4396.73 4526.63 4703.93 4563.26 4587.86
Notes: WSR – Wasatch Range; BTM – Battle Mountain; WP – White Pine intrusion; EG – Eocene granite;  Zr – zircon, Mo – 






























± 1 Std Err
207Pb/206Pb
± 1 Std Err
common Pb
206Pb/238U age
± 1 Std Err
208Pb/232Th age
± 1 Std Err
207Pb/206Pb age

















BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048 BK13ES048
U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb
BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM
Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr
EG EG EG EG EG EG EG EG EG EG EG EG EG EG EG
Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd Grd
37.4 37.6 37.7 38.2 38.3 38.6 38.6 39.1 39.1 39.1 39.2 40 40.3 38.7 144
0.7 0.7 1 0.7 0.6 0.7 0.7 0.7 0.7 0.6 0.7 0.6 0.7 0.5 2.3
0.0064 0.0059 0.0059 0.0061 0.0061 0.006 0.006 0.0062 0.0061 0.0061 0.0062 0.0061 0.0062 0.0063 0.0228
0.0209 0.0188 0.0177 0.0267 0.0178 0.0162 0.0177 0.0185 0.0171 0.0166 0.0152 0.0174 0.0154 0.0183 0.016
0.0071 0.0023 0.0025 0.0025 0.0031 0.002 0.0021 0.0046 0.0018 0.0022 0.0025 0.0022 0.0021 0.0022 0.0089
0.0431 0.0396 0.0444 0.0572 0.046 0.0305 0.032 0.0527 0.0457 0.0364 0.04 0.0328 0.0322 0.0431 0.0442
0.1296 0.0554 0.0547 0.0734 0.0633 0.0524 0.0516 0.074 0.0468 0.0472 0.057 0.0483 0.0478 0.0458 0.0558
0.0341 0.0303 0.0379 0.0711 0.0428 0.0332 0.033 0.0339 0.0313 0.0327 0.0345 0.029 0.0347 0.0409 0.0407
0.0995 0 0 0.0296 0.0004 0.033 0.0241 0.0876 0.0001 0 0.0084 0.013 0.0114 0 0.0122
6.6958 9.0216 6.3557 2.0926 8.031 9.5944 13.8195 10.6878 10.1994 10.9905 8.9741 7.2653 9.1312 6.7951 25.5829
0.8797 0.4943 0.336 0.1495 0.4873 0.4938 0.7176 0.7899 0.4765 0.5138 0.5061 0.3519 0.4389 0.3133 1.4427
1.84 0.75 0.46 0.31 0.62 1.00 1.19 1.07 0.42 1.06 0.89 0.62 0.76 0.40 1.12
252.18 344.29 195.79 128.26 218.54 516.77 599.46 231.18 226.90 495.75 357.25 281.12 359.68 190.90 123.66
1065.21 1651.63 1101.40 356.18 1374.44 1651.38 2469.83 1736.86 1694.29 1836.90 1496.20 1215.70 1470.74 1118.73 1116.79
7.33 9.37 4.49 5.44 2.83 2.38 4.21 3.56 0.99 4.32 2.84 3.87 2.67 2.18 9.69
70.34 143.14 8.50 8.93 12.30 3.89 7.45 25.37 0.00 37.13 6.77 86.17 4.09 0.59 27.95
10304.04 10746.19 10884.03 9959.84 11692.84 10840.50 10918.14 11694.29 11261.67 10408.96 10993.96 10879.30 10623.64 11004.26 11591.09
155.4255 169.9063 169.1774 164.6089 164.7376 166.4577 165.6775 160.7124 164.5675 164.2365 162.1306 163.5496 160.3786 159.5166 43.8987
3.2516 3.1893 2.9884 4.397 2.9287 2.6921 2.9279 2.9749 2.8206 2.7209 2.4686 2.8537 2.4629 2.9157 0.7018
0.1296 0.0554 0.0547 0.0734 0.0633 0.0524 0.0516 0.074 0.0468 0.0472 0.057 0.0483 0.0478 0.0458 0.0558
0.0044 0.0017 0.0021 0.0052 0.0027 0.0017 0.0017 0.0025 0.0015 0.0015 0.002 0.0014 0.0017 0.0019 0.0023
0.8383 0.838 0.8381 0.8381 0.8381 0.8381 0.8381 0.8382 0.8381 0.8381 0.8382 0.8381 0.8382 0.8382 0.8451
41.3431 37.8298 37.9923 39.0435 39.0131 38.6112 38.7925 39.9872 39.0533 39.1318 39.6385 39.2956 40.0702 40.286 145.1999
0.8649 0.7101 0.6711 1.0429 0.6936 0.6245 0.6856 0.7402 0.6694 0.6483 0.6035 0.6857 0.6154 0.7364 2.3214
143.2272 46.2256 50.7467 49.663 63.3224 40.9534 42.1216 92.8884 37.0887 44.9196 49.6456 44.9902 41.8422 43.5642 178.9158
6.1794 1.8288 2.2521 2.8405 2.9129 1.2486 1.3464 4.8995 1.6963 1.6351 1.986 1.4772 1.3481 1.8784 7.9089
2092.4346 428.1607 399.5093 1024.098 718.7823 303.8976 269.2866 1040.7424 37.4761 57.0329 492.5369 113.2288 91.5071 -10.6273 444.0223
29.9524 33.7756 42.4094 71.9177 45.4785 37.8474 37.8637 34.2493 37.4452 38.9724 38.002 34.228 41.1573 49.3588 45.2695
32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05
Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot 
0.00 71.24 70.46 5.61 24.87 0.00 22.11 4.70 28.82 37.89 11.06 12.09 41.05 27.83 9.12
34.62 0.00 0.00 14.84 0.13 15.75 9.48 37.62 0.04 0.00 3.84 6.36 5.26 0.00 5.48
4140.37 7563.42 5214.07 1767.82 4623.18 7966.13 9592.70 7948.31 8316.43 7594.70 7299.11 5979.78 7121.96 5708.83 20121.65
537.01 409.10 272.14 124.66 276.94 404.77 491.79 579.90 383.58 350.52 406.41 285.93 337.89 259.85 1120.24
1128.43 619.45 372.01 260.10 353.77 818.05 818.37 784.97 336.46 727.89 714.09 502.66 584.65 336.46 869.84
150249.79 278095.91 154770.13 104367.73 121228.86 413355.62 400912.83 165621.52 178223.31 330008.81 279979.38 222853.45 270217.29 154490.48 93700.79
678923.10 1427121.28 931406.40 310025.34 815636.82 1413034.65 1767037.54 1331106.86 1423569.93 1308035.32 1254398.18 1030899.61 1181948.36 968465.31 905272.03
49.48 85.78 40.23 50.09 17.83 21.55 31.87 28.93 8.82 32.55 25.24 34.71 22.73 19.94 83.22
10003.34 27592.67 1604.44 1731.68 1628.87 742.39 1188.92 4335.80 0.10 5896.11 1266.31 16285.11 732.05 114.79 5053.59
115962949 157193398 153876932 158283065 107987840 155649373 130163312 139400512 152813125 129517633 152546716 154193614 146145923 157436571 147459296
2608214 3687840 3655220 3443778 2755585 3684231 3102335 3559762 3758480 2944103 3660500 3664797 3391379 3784006 3731761






























± 1 Std Err
207Pb/206Pb
± 1 Std Err
common Pb
206Pb/238U age
± 1 Std Err
208Pb/232Th age
± 1 Std Err
207Pb/206Pb age

















BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050 BK13ES050
U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb
BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM
Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr
EG EG EG EG EG EG EG EG EG EG EG EG EG EG EG
Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp
37.3 38.2 38.3 38.9 38.9 39 39.4 39.5 39.9 39.9 40.2 40.4 40.9 49.9 131.7
0.9 0.6 0.6 0.6 0.5 0.8 0.7 0.9 0.9 0.7 0.6 0.7 0.7 0.9 2
0.0061 0.0059 0.0061 0.0061 0.0061 0.0065 0.0062 0.0072 0.0063 0.0063 0.0063 0.0063 0.0064 0.0085 0.0211
0.0236 0.0153 0.0157 0.0164 0.014 0.0193 0.0179 0.0188 0.0216 0.0173 0.0139 0.0182 0.0164 0.0176 0.0153
0.0037 0.0019 0.0026 0.0021 0.0019 0.0046 0.0026 0.0093 0.0023 0.0031 0.002 0.0025 0.0021 0.0047 0.0059
0.0375 0.0326 0.0302 0.034 0.0254 0.0469 0.0338 0.0499 0.0512 0.0456 0.0213 0.0396 0.045 0.0282 0.0415
0.0839 0.0456 0.0662 0.0514 0.0454 0.0973 0.0598 0.1591 0.0589 0.0625 0.0475 0.0489 0.0484 0.1119 0.0678
0.0444 0.0346 0.0304 0.0319 0.0225 0.0391 0.0437 0.0522 0.0592 0.046 0.0212 0.0401 0.0382 0.0326 0.0203
0.0338 0.0187 0.0628 0.0068 0 0.0401 0 0.1316 0.0111 0 0 0.0204 0 0.0891 0.0444
8.5386 8.459 9.2446 7.7231 17.3415 11.1246 4.3935 12.7622 2.2485 6.3559 19.9777 7.9058 6.6296 8.0431 31.8675
0.703 0.3856 0.609 0.3949 0.7888 1.0912 0.2611 2.1396 0.1325 0.373 0.9431 0.3933 0.3186 0.8839 2.1554
1.36 0.61 1.12 0.52 1.43 2.01 0.52 4.83 0.31 0.52 3.68 0.55 0.35 2.41 0.89
387.05 313.52 430.71 241.38 766.79 456.03 199.75 465.55 131.21 181.46 1869.44 226.82 165.64 523.18 163.85
1555.31 1476.49 1566.15 1311.76 2955.71 1784.41 717.57 1760.08 368.52 1049.80 3281.38 1261.65 1083.81 953.84 1663.09
4.56 3.14 2.60 2.79 3.26 11.33 5.96 6.99 10.28 2.66 6.08 0.75 3.00 8.67 5.33
333.10 14.27 118.82 9.18 1.83 557.68 173.92 574.52 61.87 93.73 62.47 52.78 1.85 2122.91 5.57
11186.71 10948.83 11227.69 11061.25 11260.94 11553.21 10089.77 11570.43 9938.16 10881.20 9814.19 10932.58 11062.65 10552.03 13771.70
164.1588 168.3915 163.5751 164.3651 165.2564 154.2185 160.574 139.5836 158.7792 158.0146 159.8265 158.5343 156.7732 118.2461 47.2982
3.8807 2.568 2.5641 2.7029 2.3144 2.9834 2.881 2.6183 3.429 2.7273 2.2153 2.8894 2.5759 2.0806 0.7241
0.0839 0.0456 0.0662 0.0514 0.0454 0.0973 0.0598 0.1591 0.0589 0.0625 0.0475 0.0489 0.0484 0.1119 0.0678
0.0037 0.0016 0.002 0.0016 0.001 0.0038 0.0026 0.0083 0.0035 0.0029 0.001 0.002 0.0019 0.0036 0.0014
0.8381 0.8381 0.8381 0.8381 0.8381 0.8383 0.8382 0.8386 0.8382 0.8382 0.8382 0.8382 0.8382 0.8391 0.8444
39.1503 38.1691 39.2895 39.1013 38.891 41.6656 40.0216 46.0185 40.4726 40.6678 40.2082 40.5349 40.9888 54.2877 134.8722
0.9255 0.5821 0.6159 0.643 0.5447 0.806 0.7181 0.8632 0.874 0.7019 0.5573 0.7388 0.6735 0.9552 2.0648
75.6326 39.3718 51.9945 43.0155 37.5746 92.9453 52.5942 187.9618 47.0216 62.2314 39.695 49.6702 42.2265 94.1249 118.7033
2.8398 1.2839 1.5707 1.4646 0.9562 4.3596 1.78 9.3841 2.4061 2.8373 0.8454 1.9679 1.8991 2.6551 4.9234
1289.949 -20.8769 813.1315 257.3334 -36.021 1572.7996 596.4841 2446.2764 564.2128 692.1935 76.156 141.0262 119.2148 1829.8102 862.9542
43.2454 41.8093 31.802 36.6987 27.3372 36.6426 47.3822 44.138 64.5106 49.0374 25.1286 47.0566 45.0536 29.546 21.0343
32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05
Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot 
0.00 9.46 0.00 0.00 0.00 26.98 12.99 112.38 6.98 19.51 47.88 24.09 32.11 40.00 0.00
12.63 8.16 27.24 2.88 0.00 13.69 0.00 41.95 4.83 0.00 0.00 8.65 0.00 33.16 21.54
5955.34 7200.31 7563.14 6392.25 14016.07 7055.84 3595.48 8134.43 1834.70 4834.25 16248.75 6181.44 5462.21 5817.00 29657.30
484.16 324.11 492.00 322.73 629.57 683.36 210.99 1346.78 106.79 280.13 757.47 303.66 259.26 631.24 1980.78
936.08 510.25 905.88 425.85 1141.50 1261.06 421.82 3045.32 248.50 394.81 2966.81 423.99 285.43 1723.87 821.61
260180.26 257275.26 339633.23 192607.12 597394.64 278761.59 157579.66 286106.50 103189.30 133033.75 1465939.10 170916.12 131580.38 364764.93 146993.00
1118504.03 1296309.57 1321251.66 1119896.07 2463629.39 1166936.61 605648.54 1157303.84 310063.14 823411.46 2753022.10 1017077.20 921152.77 711504.61 1596212.12
34.77 29.27 23.28 25.27 28.82 78.55 53.39 48.78 91.70 22.14 54.18 6.45 27.05 68.60 54.31
53505.58 2801.61 22394.51 1752.58 340.43 81449.71 32808.08 84486.03 11627.69 16426.22 11719.73 9501.23 352.44 353969.79 1195.55
130907428 159884536 153582670 155480542 151757076 119034248 153687215 119767099 153165348 142797770 152801821 146727532 154802368 135834272 174756679
3194365 3816159 3760828 3748854 3726565 3000029 3380944 3019989 3320101 3388574 3268653 3499603 3732406 3124872 5247746






























± 1 Std Err
207Pb/206Pb
± 1 Std Err
common Pb
206Pb/238U age
± 1 Std Err
208Pb/232Th age
± 1 Std Err
207Pb/206Pb age

















BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053 BK13ES053
U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb
BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM
Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr
EG EG EG EG EG EG EG EG EG EG EG EG EG EG EG
Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp Mzgp
40 40.2 40.2 40.8 40.8 41 41 41 41.4 41.4 41.9 240 591.1 1668.2 1748
0.7 0.7 0.8 1.2 1.9 1.1 0.9 0.6 0.8 0.9 1 11.1 10 21.9 23.1
0.0063 0.0063 0.0063 0.0063 0.0064 0.0064 0.0064 0.0064 0.0065 0.0065 0.0065 0.0399 0.0978 0.3111 0.3122
0.0186 0.0174 0.0201 0.0284 0.0456 0.027 0.0209 0.0151 0.019 0.022 0.0241 0.0468 0.0172 0.0134 0.0134
0.002 0.002 0.002 0.0021 0.0021 0.002 0.0023 0.0021 0.0023 0.0022 0.0021 0.0337 0.0463 0.0931 0.0904
0.0481 0.0364 0.0472 0.0629 0.0976 0.052 0.0504 0.0411 0.0384 0.0505 0.0484 0.0496 0.0196 0.0192 0.0226
0.0516 0.0497 0.0504 0.0437 0.0576 0.0479 0.048 0.0479 0.0517 0.0501 0.0496 0.091 0.0742 0.1466 0.1089
0.0415 0.0355 0.049 0.0726 0.1073 0.0821 0.0491 0.0356 0.0396 0.0556 0.0673 0.0138 0.0151 0.0091 0.0144
0.0736 0.0285 0.0459 0.0176 0 0.0062 0.0672 0.0397 0 0 0.0163 0.0236 0.1099 0.0436 0.0362
5.5542 7.0771 6.6388 1.6528 3.7912 1.8445 4.0759 8.3963 5.4106 3.3464 2.4855 28.9113 54.4349 96.8387 31.0261
0.2832 0.3525 0.3346 0.0704 0.2053 0.0886 0.1897 0.3998 0.2756 0.1677 0.115 2.635 4.0566 14.223 3.3731
0.29 0.47 0.53 0.13 0.29 0.23 0.21 0.37 0.52 0.28 0.21 1.98 12.07 16.10 3.35
150.61 236.87 281.96 64.01 159.94 114.35 98.27 175.98 236.18 131.21 99.13 75.39 250.35 166.40 36.51
914.89 1164.49 1165.81 269.23 683.69 299.94 675.65 1354.96 883.02 546.93 406.84 851.07 549.72 308.65 99.83
2.87 5.69 4.17 3.24 8.18 5.20 1.84 2.16 3.09 4.29 5.48 2.48 9.11 5.91 12.34
2.64 1.81 0.00 0.00 1.51 0.83 0.05 0.00 3.60 0.00 0.00 8.75 7.67 8.57 2.52
11417.30 11315.58 10407.01 10395.24 9471.76 9550.69 12157.17 11459.75 10739.67 10691.96 9626.23 11312.03 11335.43 11630.43 6777.75
159.5942 159.3773 159.0185 157.5675 155.2409 156.5702 156.4957 156.4563 154.4202 154.4029 152.9058 25.048 10.2284 3.2147 3.2034
2.9622 2.781 3.1922 4.4806 7.0766 4.2346 3.2779 2.3636 2.9393 3.3893 3.6864 1.1725 0.1762 0.0431 0.043
0.0516 0.0497 0.0504 0.0437 0.0576 0.0479 0.048 0.0479 0.0517 0.0501 0.0496 0.091 0.0742 0.1466 0.1089
0.0021 0.0018 0.0025 0.0032 0.0062 0.0039 0.0024 0.0017 0.002 0.0028 0.0033 0.0013 0.0011 0.0013 0.0016
0.8382 0.8382 0.8382 0.8382 0.8383 0.8383 0.8383 0.8383 0.8383 0.8383 0.8383 0.8523 0.8772 0.9765 0.977
40.2665 40.3211 40.4118 40.7828 41.392 41.0418 41.0612 41.0715 41.6113 41.616 42.0221 252.3577 601.3114 1745.9832 1751.3861
0.7474 0.7036 0.8112 1.1597 1.8868 1.11 0.8601 0.6205 0.7921 0.9135 1.0131 11.8132 10.3614 23.3834 23.4924
39.5621 40.0934 41.045 42.0565 42.3512 40.2724 46.0076 42.218 45.559 44.0885 42.7355 669.1601 913.8996 1799.3841 1749.6427
1.9018 1.4588 1.937 2.6473 4.1345 2.0951 2.3195 1.734 1.7478 2.2275 2.0701 33.1735 17.8737 34.4914 39.6196
268.2692 178.7998 212.2471 -129.4661 513.9946 94.3084 100.2385 93.5019 270.2354 199.9678 174.7623 1446.9807 1048.232 2306.3968 1780.297
47.6085 41.3973 56.7553 89.7482 117.9043 97.2553 58.1143 42.1785 45.3597 64.5982 78.5169 13.1066 15.2427 7.8383 13.0985
32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05
Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot 
0.00 19.03 0.00 0.00 116.95 0.00 0.00 28.54 16.23 51.48 48.43 0.00 19.71 0.00 0.00
27.72 11.08 20.19 6.42 0.00 2.27 27.57 14.74 0.00 0.00 6.41 9.33 37.44 14.41 13.81
4506.17 5821.83 6126.55 1328.77 3570.33 1498.69 3448.98 6889.57 4519.53 2718.14 2037.44 23443.45 40227.82 69814.98 24104.71
226.92 286.41 304.98 55.93 190.94 71.08 158.56 324.03 227.38 134.50 93.10 2110.21 2961.15 10128.58 2588.18
230.51 379.75 488.71 103.33 273.73 182.78 178.67 300.76 429.66 226.76 171.66 1593.06 8832.08 11492.48 2575.45
117858.00 187935.69 250948.72 49642.10 145277.25 89638.65 80189.32 139303.47 190288.13 102779.38 78366.82 58950.41 178460.92 115719.97 27350.68
766088.84 988574.97 1110212.65 223417.69 664470.65 251583.53 589913.10 1147677.62 761247.57 458400.58 344140.81 712037.20 419307.94 229676.46 80017.87
25.52 51.36 42.21 28.55 84.46 46.43 17.09 19.48 28.31 38.20 49.27 22.04 73.89 46.80 105.10
494.45 343.27 0.10 0.10 329.56 156.26 9.08 0.10 694.21 0.10 0.10 1638.85 1311.08 1427.79 452.63
152619438 154705156 173534490 151273353 177122096 152920539 159076444 154414853 157120665 152713307 154134084 152423651 139031499 135645255 146026731
3793966 3812418 3933365 3423077 3653332 3178738 4212994 3851685 3674319 3556758 3231778 3756460 3431135 3434430 2156435






























± 1 Std Err
207Pb/206Pb
± 1 Std Err
common Pb
206Pb/238U age
± 1 Std Err
208Pb/232Th age
± 1 Std Err
207Pb/206Pb age

















BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058 BK13ES058
U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb U-Pb
BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM BTM
Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr Zr
EG EG EG EG EG EG EG EG EG EG EG EG EG EG EG
Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr Qgr
39.1 40.1 40.5 40.7 40.7 40.7 40.8 40.9 41.2 41.3 41.3 41.7 48.6 147.9 1282.2
1.2 0.7 0.7 0.6 0.7 0.6 0.6 0.7 0.7 0.8 1.4 0.8 1.1 2.7 40.6
0.0061 0.0063 0.0063 0.0063 0.0063 0.0063 0.0064 0.0064 0.0064 0.0064 0.0065 0.0065 0.0076 0.0239 0.227
0.0292 0.0162 0.0174 0.0156 0.0169 0.0154 0.0149 0.017 0.0163 0.0182 0.0336 0.0201 0.0227 0.0186 0.0329
0.0021 0.0021 0.0019 0.002 0.0021 0.0019 0.0021 0.0023 0.0023 0.0021 0.0021 0.0018 0.0023 0.0146 0.0719
0.061 0.0446 0.0446 0.0384 0.0381 0.0452 0.0375 0.0436 0.0427 0.0575 0.0844 0.0621 0.0508 0.0337 0.0246
0.0559 0.0538 0.0478 0.0471 0.0476 0.0468 0.0492 0.0515 0.0449 0.0503 0.0532 0.0456 0.0538 0.0716 0.1097
0.0802 0.0368 0.0388 0.0292 0.0359 0.0311 0.0241 0.0388 0.0324 0.0396 0.0857 0.05 0.0557 0.0202 0.011
0 0 0.0273 0 0.0251 0 0 0 0.0242 0 0.0273 0.0175 0 0.0289 0
7.0626 8.8514 8.2907 11.1464 6.502 9.4225 13.1704 6.6231 8.3474 6.2902 3.6595 5.5222 9.972 37.7799 35.951
0.3524 0.4776 0.388 0.5209 0.3089 0.4376 0.6504 0.3341 0.3716 0.3156 0.2012 0.2522 0.5058 2.6684 3.935
1.01 0.35 0.38 0.44 0.39 0.30 0.52 0.31 0.41 0.22 0.26 0.21 0.51 2.46 3.51
550.99 162.90 198.38 224.53 181.94 156.14 247.00 130.91 177.04 108.52 139.69 122.01 238.23 162.44 48.55
1289.14 1437.11 1355.49 1820.89 1066.38 1534.07 2146.36 1081.75 1364.21 1096.97 638.88 921.96 1520.75 1550.12 166.27
13.50 2.26 2.26 1.90 4.30 2.41 2.96 2.16 1.21 2.37 1.27 2.71 4.77 4.44 4.10
3.35 2.49 0.48 2.23 15.23 0.00 5.66 9.38 0.00 0.00 2.12 0.00 4.06 51.97 10.30
9182.39 11693.26 10895.85 11217.21 11263.58 11753.02 11744.25 11994.89 12377.68 11902.79 10156.63 11162.29 11802.64 11603.20 10193.32
162.6522 158.7464 158.6075 157.9202 157.8207 157.8955 157.022 156.3406 155.9536 155.0598 154.1906 154.1282 131.0481 41.8663 4.405
4.7504 2.5765 2.7588 2.463 2.6627 2.4388 2.3442 2.6514 2.5411 2.815 5.186 3.1007 2.9751 0.7774 0.1448
0.0559 0.0538 0.0478 0.0471 0.0476 0.0468 0.0492 0.0515 0.0449 0.0503 0.0532 0.0456 0.0538 0.0716 0.1097
0.0045 0.002 0.0019 0.0014 0.0017 0.0015 0.0012 0.002 0.0015 0.002 0.0046 0.0023 0.003 0.0014 0.0012
0.8382 0.8382 0.8382 0.8382 0.8382 0.8382 0.8382 0.8383 0.8383 0.8383 0.8383 0.8383 0.8388 0.8455 0.9362
39.5118 40.4809 40.5162 40.692 40.7176 40.6984 40.924 41.1018 41.2035 41.4402 41.6731 41.6899 49.0045 152.1661 1318.8344
1.154 0.657 0.7047 0.6347 0.687 0.6286 0.611 0.6971 0.6714 0.7523 1.4016 0.8387 1.1125 2.8256 43.3652
43.0216 42.0546 38.0019 39.7618 43.2798 38.3173 42.1747 46.9457 47.3706 41.8855 41.7487 35.9987 46.8761 292.6072 1403.6208
2.6251 1.8772 1.6938 1.5283 1.6491 1.7314 1.58 2.0475 2.0206 2.4104 3.5255 2.2341 2.3815 9.86 34.556
446.8219 361.0591 91.3142 56.2025 80.1479 38.4669 156.004 264.8097 -59.6513 209.3852 336.3077 -24.4655 362.8925 975.0184 1794.4345
89.145 41.4631 45.9978 34.8061 42.656 37.2141 28.1926 44.5165 39.4834 45.9139 97.044 60.524 62.7569 20.5499 10.0266
32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05
Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot Spot 
33.01 4.27 0.00 77.20 24.29 0.00 100.78 24.51 31.61 31.92 0.00 37.89 31.82 0.00 9.89
0.00 0.00 9.56 0.00 8.60 0.00 0.00 0.00 8.76 0.00 10.53 6.61 0.00 8.83 0.01
6834.66 7351.21 7094.65 9194.62 5343.49 7801.55 10972.22 5441.64 6913.72 5345.92 3547.08 4901.51 9265.08 26989.66 28586.83
336.91 391.88 328.07 424.54 250.82 358.01 535.24 271.20 304.02 265.01 192.67 221.19 464.30 1883.28 3091.10
969.82 284.93 318.27 356.72 319.20 242.54 425.12 249.83 338.08 183.74 250.51 182.23 470.40 1741.50 2765.37
514482.02 130580.34 163838.69 178731.92 144303.37 124782.88 198534.23 103806.60 141479.73 89023.27 130696.31 104503.14 213604.35 111980.64 37249.27
1288100.97 1232793.74 1198043.94 1551140.16 905092.12 1312056.14 1846116.90 917938.88 1166598.95 962996.74 639696.57 845040.29 1459178.37 1143492.42 136513.60
143.55 20.69 21.26 17.22 38.88 22.00 27.13 19.56 11.02 22.21 13.59 26.46 48.78 34.84 35.83
749.64 478.37 94.39 426.13 2899.96 0.10 1091.94 1785.95 0.10 0.10 475.97 0.10 874.60 8597.23 1895.42
182215466 156511189 161248765 155379515 154830087 156062072 156835808 154804842 155938033 160175921 182713314 167174487 175025287 134539425 149736418
3640246 3978943 3820121 3790807 3792435 3987188 4007960 4037695 4199646 4144764 4033725 4058918 4492619 3395852 3320446




Appendix 4: White Pine 
whole-rock geochemistry
All major oxides are in wt. %
All other elements in ppm except Au, Pt, Pd which are in ppb
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Appendix 4: White Pine 
whole-rock geochemistry
All major oxides are in wt. %
All other elements in ppm except Au, Pt, Pd which are in ppb
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*#&& $&#)& %'*#&& %)#!) )"#(& !#(* %#'( )#,' &#(& ,#&' &#,) &#!) &#&* &#(( &#%& +%& %#*& &#&" &#"& '(#(! ,',#,! ,*#&& (*#(& )""#&& '#&& )#(&
"#!& !(#$& %,'#'& %'#%$ ))#'& (#"' %#,* )#&' &#), %#*$ &#,' &#!, &#&$ &#!) &#&" +%& %#&& &#&, &#&, &#'$ ,&#(( %,#)' ($#)& %(,#&& '#"& '#*&
(#"& )!#&& %&$#'& *#,' ',#'& '#"& &#"( ,#", &#," %#,$ &#,% &#)! &#&! &#(% &#&! +%& &#*& &#&' &#&( &#%' %&#!$ %&#'" ((#,& ""#&& ,#(& )#%&
%$#$& %$&#(& ''&#'& '(#)$ %,"#)& %(#(, '#', "#*" &#*% '#$, &#(* %#'* &#%* %#'( &#%" !*#&& '#'& &#$% &#&( &#&! %)#&& ')#(! "$#!& !'#&& !!#,& %,#"&
**#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$'
'#*& ("#'& "*#*& $#"( ,(#*& ,#", &#!' %#"* &#,& &#($ &#&" &#', &#&) &#'% &#&! +%& ,#!& &#&% &#!, *#,$ ,,#*" ,'#(% ,)#,& ))!#&& %#%& &#"&
'%#"& '!!#(& !$,#*& $*#)" ,"%#,& ''#$, $#%$ ,&#,$ %#"' $#!' &#*$ ,#)$ &#'% %#*" &#,) %%,#&& ,#&& &#&, &#&) &#") )(#*' $)#$& %)*#)& %,$#&& *$#,& %)#(&
$#(& (%#$& %&&#!& %&#"% '!#&& )#!, %#&! '#,, &#'$ %#"& &#,' &#)" &#&$ &#(' &#&" +%& &#$& &#&, &#&% &#'" %!#'$ %$#!" !(#"& %'&#&& ,#%& ,#$&
,$#(& '&)#*& (*(#!& !!#&) ,,*#!& ,"#,* !#%, %!#$' %#!, (#"! &#$% ,#&& &#,' %#($ &#,, %%&#&& (#)& &#*! &#,$ &#," ,$#($ '!#"& %%'#$& %'(#&& %%%#,& %*#*&
!#$& ($#%& %%,#)& %%#"% )&#&& )#"' %#&* '#() &#'$ %#$) &#,% &#($ &#&( &#)' &#&" +%& %#,& &#&' &#%& *#!) ,(#(' ,$#(' $(#*& !,,#&& %#*& ,#!&
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%*#$& %%#!& ,!#*& '#'" %'#!& '#() &#,& '#'% &#)* ,#(* &#)$ %#)' &#,! %#($ &#,$ +%& %#*& &#&" &#&% ,#!! '#!* %&)#!$ (%#'& "%,#&& &#'& &#,&
*#!& (!#%& *$#,& %&#,) ')#"& (#&$ %#%* '#() &#'" %#*% &#', &#*% &#%' &#"( &#%% +%& &#"& +&#&% &#&' &#,! %!#)& (#*) !!#,& %%'#&& "#!& $#'&
)#%& $!#$& %)'#)& %)#"! (&#,& !#)& %#') '#%( &#,! %#&( &#%, &#,, &#&' &#,& &#&' +%& %#"& &#%& &#'' (#%) )(&#,& $&#&) %!*#*& %%'(#&& %#&& ,#)&
)#!& ,)#)& !'#*& )#*& %$#"& ,#(" &#(( %#*, &#,% %#&! &#%( &#'% &#&( &#'% &#&! +%& %#(& &#&, &#,( '#)* *)#!! ,$#'& ((#'& ')%#&& %#(& '#(&
%&#*& (%#$& *!#"& %&#,' ''#"& (#', %#%( '#)* &#'* ,#&* &#,* &#"' &#%, %#&% &#%) %,#&& &#$& &#&' &#&( %#&, !#&, )#"% )$#&& ("#&& %%#"& "#(&
!#&& (%#'& *'#"& *#"& ',#'& )#,) &#"! ,#!' &#,$ %#,( &#%" &#!% &#&! &#(& &#&* +%& ,#'& &#&) &#&! $#!( ,#'( (#(* %%#%& *%#&& )#&& '#)&
"#(& )'#,& $"#,& "#)$ ,*#,& '#!$ &#"* ,#$! &#'% %#$, &#'& &#!! &#%% &#$$ &#%% +%& %#!& &#%! +&#&% ,#(, ,#$( $#() ',#'& ''#&& *#*& !#'&
*#'& (,#(& *$#'& %&#*" '"#,& (#'* %#%! '#!! &#'! ,#," &#'( &#") &#%, &#"% &#%' +%& ,#"& &#&$ &#() &#"! )$#"& %"$#'' %%*#,& %!'!"#&& (#(& $#!&
%%#&& (&#$& **#!& %&#') '$#%& )#"( %#%) '#!% &#)& ,#,, &#'* &#** &#%( &#"* &#%! +%& %#)& &#&' &#&) &#,! $#'$ (#(" )"#(& !&#&& $#$& $#'&
"#$& )'#,& "*#,& *#&) ,*#!& )#,! %#&, '#,$ &#'! %#$" &#'% &#"% &#%' &#$) &#%' +%& %#"& &#&" &#', &#', ("#"! ),#&! '%%#'& %%%)#&& !#"& !#)&
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-5 *: *7 /O !> 8' /6 8 2% <. !& 2& ;& S5 ?& 8& N' 3O 3U
,%'#&& &#)& +&#, &#() &#&! &#'% '#)& +% &#%$ +( &#)& +&#&, +&#% &#&, %#&& &#)& !#$& +%& +,
''!#&& &#"& &#!& &#%% &#&! &#%, (#&& +% &#%( +( +&#% +&#&, +&#% +&#&, +% &#'& %%#(& +%& +,
,*)#&& &#%& &#)& &#%& &#&" &#,' ,#*& +% &#%" +( +&#% +&#&, +&#% &#&, +% &#'& *#,& +%& +,
('!#&& %#'& +&#, &#%& &#%& &#%! %&,#%& +% &#%& +( +&#% +&#&, &#'& &#&) +% &#$& %!#!& +%& +,
**#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$' **#$'
%&$#&& %#,& &#'& &#&, ,#(% &#$! ,#&& +% &#%' +( &#,& &#&' +&#% &#&' +% +&#% )#%& +%& +,
''(#&& !#"& +&#, &#'$ &#') &#'! %,$#"& +% &#&" +( &#,& +&#&, &#(& &#&' +% %#'& *#&& +%& +,
,$*#&& &#)& +&#, &#%$ &#&' &#%* '#,& +% &#%" +( +&#% &#&' +&#% +&#&, +% &#,& %&#!& +%& +,
(&!#&& (#'& %#'& &#)$ &#&* &#'$ %'"#(& +% &#%% +( +&#% +&#&, &#(& &#&' +% %#,& ((#,& +%& +,
,%'#&& &#!& +&#, &#'& &#&) %#%, ,#!& +% &#%) +( +&#% &#&$ +&#% &#&( +% &#%& "#&& +%& +,
'%!#&& &#$& +&#, &#'$ &#&( &#%) '#(& ,#&& &#,& "#&& &#'& &#&) +&#% +&#&, +% &#(& *#!& +%& +,
'$$#&& %#&& +&#, &#&' &#&) &#&) %,#!& +% &#,' +( +&#% +&#&, &#%& +&#&, +% &#,& %%#&& +%& +,
%&*#&& '#'& +&#, &#&) &#&$ &#&) %#$& +% &#&( +( +&#% &#&" +&#% +&#&, +% +&#% %#'& +%& +,
$$"#&& %#%& +&#, &#%' &#&$ &#%& (*#"& +% &#!) +( +&#% +&#&, &#,& &#&' +% &#(& ('#,& +%& +,
'&&#&& %#%& %#&& &#&" &#%% &#%" ',#*& +% &#"& +( %#&& +&#&, +&#% &#&) +% %#&& )(#)& +%& +,
'"$#&& %#)& +&#, &#'* &#&! %#$! %%#,& +% &#,* +( +&#% &#&" &#%& &#&' +% &#'& %%#"& +%& +,
)'!#&& &#"& &#'& &#!% &#&* (#&, '#(& +% &#%* +( +&#% &#"% +&#% &#&, +% &#'& (#*& +%& +,
%!,#&& &#"& +&#, &#(" &#&) &#', ,#)& +% &#%, +( &#,& &#&! +&#% +&#&, +% &#)& $#(& +%& +,
%&%#&& %#(& +&#, +&#&% &#&( &#%& '#&& +% &#%$ +( &#)& +&#&, &#%& +&#&, (&#&& &#%& *#(& - +,
%&&#&& &#"& +&#, &#&, &#&* &#%, ,#"& %#&& &#%' (#&& +&#% &#&' +&#% +&#&, +% &#,& $#!& +%& +,
*%*#&& (#%& ')#)& "#") &#%" *!#%" ,#"& ,#&& &#,! ('#&& +&#% '(#"& +&#% %#'' +% &#)& '#%& +%& +,
%*'#&& &#$& +&#, &#%% +&#&, &#%( '#)& +% &#%$ +( +&#% &#&* +&#% +&#&, +% &#,& %%#,& +%& +,
')#&& (#(& &#'& &#&$ &#$! &#(( %#'& +% &#%) *#&& +&#% &#&( +&#% &#&' +% +&#% %#%& +%& +,
$,#&& %#'& +&#, &#&% &#*" &#!! &#!& ,#&& &#%( %!#&& +&#% &#&' +&#% +&#&, +% +&#% &#$& +%& ,#&&
(%#&& ,#'& ,#,& &#&) &#,* ,#&, ,#'& +% &#%% +( &#,& &#,* +&#% &#&$ +% &#,& )#%& +%& +,
%,(#&& %#'& &#$& &#&! &#&! &#', '#)& +% &#%, +( &#)& &#&) +&#% &#&) +% &#'& !#"& +%& +,
*%#&& &#*& +&#, +&#&% &#'& &#)& ,#&& %#&& &#%! +( &#,& &#%' +&#% +&#&, '&#&& +&#% (#(& - ,#&&
,"*#&& &#(& &#'& &#%! &#&) &#%$ )#(& +% &#&" "#&& +&#% &#&! +&#% &#&' +% &#(& %(#(& +%& +,
'&*#&& &#%& )#(& &#&$ &#&) &#'% '#$& +% &#,% %,#&& +&#% &#&, +&#% &#&) +% &#,& %,#)& +%& +,
),"#&& ,#,& '#(& &#,) &#,& &#', %&,#'& +% &#%& %%#&& +&#% +&#&, &#'& &#&, +% %#'& %%#(& %$#&& +,
%%&#&& &#$& '#&& &#%) &#&) %#(& ,#)& +% &#%" +( +&#% &#%' +&#% +&#&, ,#&& &#!& (#%& +%& '#&&
,*)#&& &#$& ,#'& &#&" &#&' &#'$ ,#*& +% &#%$ %%#&& +&#% +&#&, +&#% +&#&, +% &#,& %%#(& +%& +,
,$*#&& &#'& %#"& &#%& +&#&, &#(( '#%& +% &#%! $#&& &#,& +&#&, +&#% +&#&, +% &#'& %,#!& +%& ,#&&
'*#&& %#!& %#"& &#%, &#'( '#(% %#'& +% &#&" +( &#,& &#%* +&#% &#&) +% &#%& ,#*& +%& +,
'$%#&& %#&& &#!& &#&) &#,$ &#'& %&#*& +% &#&) "#&& +&#% &#&( &#%& +&#&, %#&& &#(& ,&#*& +%& +,
($"#&& &#"& %#)& "#!, &#&' %!#$' '#"& +% &#%" %,#&& +&#% &#** +&#% &#)% +% &#(& $#%& +%& +,
'"&#&& %#!& %#)& &#&' &#&) +&#&, %'#&& +% &#,% $#&& +&#% &#&, &#,& +&#&, +% &#'& %%#,& +%& ,#&&
,%%#&& (#&& *#%& &#%! &#%% %!#!) ,#"& +% &#,& %!#&& +&#% ,#") +&#% &#&$ +% &#$& '#$& +%& +,
"%%#&& $)#&& '(#,& &#$% &#,$ %#&* '#*& +% &#%( ,(#&& &#%& %#)" +&#% +&#&, +% %#&& )#$& +%& +,
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-5 *: *7 /O !> 8' /6 8 2% <. !& 2& ;& S5 ?& 8& N' 3O 3U
)'"#&& &#$& %#(& &#)! &#&* %#,( %#%& +% &#&" "#&& +&#% &#)% +&#% +&#&, +% &#"& %#,& +%& ,#&&
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All major oxides are in wt. %
All other elements in ppm except Au, Pt, Pd which are in ppb
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All major oxides are in wt. %
All other elements in ppm except Au, Pt, Pd which are in ppb
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81E+3<EGH $!#,' '#'( *#), &#,% &#%, &#&% &#"( &#%$ &#&( &#&, &#&% *"#'* %$)#&& ,#&& )#$& $#*& %#&& '#,& !(#"& ((#&& %&#%& &#,& %#!& %#,& $!#&& %,#'& (,#)&
81E+3<EG4 $,#*! %&#*! (#"( %#*! &#'( &#&" )#&* %#)( &#," &#&! &#&, **#$! *($#&& %'#&& (#%& %(#$& (#!& )&#%& %($#%& %#&& ,'#$& ,#,& %&#)& %#'& *$#&& '#"& ,)(#*&
81E+3<EGI *%#'& '#(, ,#'$ &#'* &#&* &#&( %#&( &#,% &#&( +&#&% &#&& **#") )*"#&& '#&& %#'& (#$& (#'& )#"& )$#'& +% ,!#!& &#,& !#%& %#'& ,%#&& ,#)& %*,#%&
81E+3<EGJ !"#*& %$#'( ,#', &#*, &#%% &#)* )#*, &#$* &#&! +&#&% &#&% **#$% %,)!#&& %)#&& !#%& ,'#"& $#(& %)#)& %!,#"& )#&& $,#(& %#,& %(#&& '#'& $"#&& ,,#"& ,()#)&
81E+3<EGK "(#(( !#)" ,#*( &#)% &#&, &#&( ,#'* &#', &#&" +&#&% &#&% **#"$ ,*,#&& )#&& ,#(& "#)& !#$& !#*& %''#$& '#&& '&#&& &#!& %%#'& %#"& '%#&& %'#'& ,)%#,&
81E+3<EGL "$#)( (#&, '#'* &#,* &#&" &#&" %#(( &#,, &#&* +&#&% &#&& **#"* %))#&& '#&& %#$& )#*& )#,& )#%& $,#,& ,#&& %!#$& &#)& $#!& %#!& '%#&& %(#)& %("#!&
81E+3<EEG !(#,* %(#(" '#,& ,#(" '#%* ,#"* '#(! &#), &#%, &#&" &#&% **#(* $**#&& %&#&& %#"& %!#&& ,#'& !#(& %%&#(& %#&& '*(#%& &#!& !#!& '#!& $'#&& %#'& "$#'&






All major oxides are in wt. %










































M N" /& 36 0O !# F7 ;O 2> PQ <R F6 2# M> N7 0' N(S 2(2T/ 2(2T! -R /7 3> D5 *. 0' /R
,(#(& '%#%& !(#$& $#'" ,$#&& (#)" %#%& (#%& &#"% )#*& &#*' ,#(" &#'* ,#!$ &#)& '!#&& %#%& &#&, &#&' '&(#'* '"#,% %#)) !&#!& ""#&& )&#&& %,#,&
$#*& *#'& %"#'& ,#&* $#$& %#(' &#%! %#)" &#,% %#)$ &#,( &#", &#%' &#"$ &#%) +%& &#(& &#&% &#&, (#%( %)#!% ,$#)& '#!& !*,#&& %#!& &#)&
%"#$& %!#,& '(#&& )#%! %!#"& '#'* &#$( '#!) &#(( '#!( &#$' ,#%! &#'& %#** &#,* +%& &#"& &#&' &#&, '#%& ,"#%' "#&* %'#'& ,$",#&& '#)& ,#(&
'#(& !#*& %&#$& %#&, '#,& &#(( &#'" &#($ &#&$ &#'$ &#%, &#'* &#&$ &#(* &#%, +%& %#*& &#&' &#&( ,#%) ($#"( ')#'* )#*& ,$*&#&& &#"& &#,&
,'#$& ''#)& $%#'& "#'( '&#(& (#*! %#'' (#'' &#$" (#'% &#*! ,#$& &#'* ,#,* &#'* %$#&& &#"& &#&' &#&) '')#%$ '!#%& %#)) %&(#'& %!$#&& ,&#"& $#&&
')#(& )!#%& *"#(& %&#!) )&#'& $#(' %#$" $#,& %#&' !#,* %#,* '#!, &#(' '#'' &#)" )*#&& %#&& &#&, &#&' ,&!#') %&'#$, ,#)& %%,#&& )!"#&& (%#%& %$#%&
%)#"& ,!#%& ()#)& !#)% ,'#$& )#'$ %#,' '#"" &#)* ,#!" &#)$ %#)! &#,& %#)$ &#,& ,$#&& %#!& &#&, &#&, ,!#*( %!,#!, (#,$ "$#"& '("#&& ,*#$& (#)&
)#(& ,$#*& ('#(& (#)( %"#(& ,#$) &#)& %#*% &#,& %#%! &#,& &#(% &#&$ &#(( &#&* +%& ,#$& &#&' &#%& )'#*% %*#,' )*#!" '#%& ,(%'#&& &#*& &#,&
*#)& ,'#&& )'#*& )#($ %!#!& '#'( &#"' '#(' &#)" ,#(" &#'$ &#*" &#%) &#"% &#%, +%& '#%& &#&) &#,( %&"%#%& !%#*, !,$$#,( '"#*& %(%&"#&& %#'& &#)&
,(#&& %!#&& ,)#%& )#&% %!#$& '#!! &#*! )#%$ &#!& '#!& &#$' ,#%& &#'% ,#%, &#', ,(#&& ,#(& &#%" &#&' )#($ ,,!#,% ,!#)& *)#(& )%)#&& ,"#)& ,#!&
%%#)& ''#"& !)#)& !#*" ,(#,& )#&) %#&! '#', &#'$ ,#%( &#'' &#"' &#%' &#** &#%, +%& ,#&& &#&' +&#&% &#"& )#)$ !#)* *#)& '$)#&& %#'& ,#)&
%(#%& %'#(& ,*#%& '#', %'#&& ,#(, &#)* ,#$$ &#)& ,#(% &#($ %#!! &#,' %#!& &#,( +%& %#%& &#&' &#&, ,#&* "#,% %%#** %!#*& ()#&& $#(& '#&&
(#&& )#"& %&#'& %#&! )#%& %#&* &#'% %#%& &#%( &#*! &#,% &#(* &#&$ &#(* &#&* +%& &#*& &#&) &#&, &#$! '#*' ,#(& %%#!& ,(#&& )#"& %#!&
%(#"& %,#)& ,(#"& ,#"( %&#'& ,#', &#)* ,#!% &#)' ,#!& &#($ %#)! &#,, %#)' &#,! %!#&& %#*& &#&) &#&$ &#!! %"#!* %(#!' !'#)& """#&& ,%#$& (#%&
*#'& $#"& %(#"& %#"& !#%& %#'' &#,, %#), &#,, %#)$ &#'' &#*$ &#%( %#&( &#%! +%& %#$& &#&( &#&* &#!$ ,&#!( !#$* "#'& %((#&& '#"& '#!&
,"#%& %&#,& ,,#$& ,#*& %,#"& '#!% %#,% (#*' &#*$ !#&" %#,, '#&! &#)' ,#(, &#') (,#&& '#$& &#%$ &#&( &#!& %$#($ %*#,! ,*&#!& !)%#&& ((#$& ,'#$&
%'#%& "#!& %"#$& ,#&* "#!& %#"* &#'& %#"' &#'& ,#,, &#)( %#$& &#,' %#!) &#,, +%& %#%& &#&( &#&$ &#)( %%#%( )#,) (#$& )&'#&& %#'& &#)&
%'#&& %)#$& ''#(& '#$( %'#!& ,#") &#(& ,#)" &#') ,#,% &#)! %#)* &#,% %#'! &#,' +%& &#"& &#&, &#&, &#," "#(% %#(* %%#%& %$,#&& '#'& %#&&
,&#,& ,$#&& ($#!& !#(* ,(#*& )#", &#"! )#%% &#!% '#$$ &#$) ,#%& &#'' ,#&) &#'' %$#&& %#*& &#&' &#&, &#', ,),#"$ ,#&" '$#)& "!#&& ,&#%& )#&&
'*#*& ),#)& *)#,& %,#)* ()#)& %&#,% %#*$ *#'& %#', $#'* %#'& '#", &#(" '#)% &#(& ,)#&& '#&& &#&' &#&) &#$% )(#%! ,#$! ",#(& '&#&& ,(#,& (#"&
%$#,& %"#,& '*#)& )#%" %'#*& ,#$& &#)( ,#*) &#)' '#&, &#!& %#"( &#,$ %#$' &#,$ +%& %#)& &#&' &#&" &#)' ,%#"' %#*( '#)& %&&)#&& %#)& &#(&
%%#"& %'#$& ,*#&& '#&, %%#)& ,#%! &#'* ,#,) &#'' ,#,( &#)$ %#,* &#%" %#'% &#,' +%& '#'& &#&* &#(! ,#!! *"#,% (#&& $#%& '%'#&& )#%& %#!&
)%#(& ($#"& %%(#*& %'#,' (%#$& *#!" %#!( "#$( %#,$ "#&* %#)" )#,$ &#!( )#,( &#!, %$#&& '#%& &#&' &#&( !(#$) $$#") '#&% ,!#&& %)'#&& %*#%& )#'&
%'#*& %)#%& ,$#"& '#%! %,#&& ,#() &#), ,#'% &#'! ,#)' &#() %#,% &#,% %#)$ &#,' +%& ,#&& &#&* &#&! ,&#$! !"#"" ,#'" )#$& $)%#&& %#$& &#$&
%&#'& *#*& %"#)& %#*" "#,& %#)' &#%" %#(! &#,) %#!! &#'' %#&" &#%( %#&! &#%) +%& ,#)& &#&% &#), '!#)% %((#%! "%(,#&, '%#)& .%&&&&& %#$& &#"&
%"#)& ,%#(& ))#,& (#&' %*#'& )#'! &#($ '#*' &#(! '#(' &#$! ,#%( &#'& ,#,* &#'' +%& %#*& &#&' &#&$ (#%% (,#() ,%#)& '#(& %((!!#&& %#!& &#$&
!#'& *#,& %$#&& %#!) (#$& %#%' &#,& %#&! &#%( %#&! &#,( &#"! &#%' %#&, &#%" +%& %#'& &#&, &#&* (#$) ))#&( *'#,% %(#,& '')%#&& '#,& &#"&
')#'& ),#'& ""#,& %&#(( '"#$& $#*" %#(% $#%, %#&, !#)( %#,% '#'$ &#)* '#,' &#)$ '*#&& %#%& &#&, &#&, %'%#(' !*#)$ )#$, "*#!& !'*#&& ))#&& %,#(&
)#%& %&#*& ,&#*& ,#,) "#*& %#), &#%* &#** &#%% &#", &#%, &#'( &#&$ &#)! &#&* +%& ,#)& &#&( &#&' ',#$" ,#"' ,&#*% ,(&#(& %&&#&& %%#"& &#'&
%'#,& %'#%& ,)#&& ,#*% %&#,& ,#!! &#"* ,#'* &#'' %#*! &#)% %#%' &#%$ %#%( &#,& (,#&& ,#)& &#&* &#&' )#(( '#," ,$#*( %,&,#%& *,#&& !&#(& %&#!&
,,#,& ,)#!& )"#!& (#'% ,&#'& )#($ %#(% (#,% &#$! )#(, &#$" %#*& &#') %#"& &#'% '(#&& ,#!& &#&" &#&% %*(#"& %$,%#() ,#(" '&#)& %%,#&& ')#)& $#'&
*#(& %"#*& ))#"& (#,) ,&#!& '#'' &#$$ ,#$) &#') ,#&& &#'$ %#&, &#%' &#$$ &#%, +%& %#)& &#&) &#&( !%#,, '!(#$, ,"#'$ "#)& ')$#&& ,#,& &#!&
%,#)& '"#(& $'#(& "#&, ,"#%& )#)" %#%! '#$* &#)$ ,#!' &#)% %#', &#%" %#&$ &#%( $$#&& %#)& &#&' &#&, %$#"( '&)#'& (#&! ',)#'& ''"#&& "$#(& ''#!&
*#,& ,*#!& !%#%& !#*, ,!#(& (#,& &#") '#'* &#)% ,#,, &#'! &#*( &#%$ %#%, &#%* +%& %#)& &#&% +&#&% ,&%#&" *,#'% ,)!#$% '!#$& $*"!#&& ,#)& &#$&
$#)& %'#!& ,)#)& ,#*& %,#(& %#$" &#', %#)! &#%" %#%$ &#,) &#(& &#%% &#!, &#%% +%& &#!& &#&% &#&, ,*#** )(#!, %%#*, '(#"& ''%#&& ,#)& &#$&
!#*& (*#,& %%$#,& %!#)( $*#"& *#,( %#(" '#(" &#'* %#*, &#,* &#"& &#%) &#!* &#%% +%& %&#%& &#)! %#*) $'"#*( ""#(( %*!#,' )#$& ,)%%#&& %#'& &#'&
!#(& )%#)& $!#&& $#*! ,*#(& )#,' &#"! ,#!" &#," %#'$ &#,, &#!) &#%% &#"& &#%, +%& )#*& &#&) &#!, *#(! *)#(! )(#,) ,#%& %'*&#&& &#$& +&#%
"#)& ,$#!& ($#,& $#%% ,$#(& '#*% &#$! ,#$, &#'& %#(* &#,* &#!" &#%& &#!& &#&" +%& ,#%& &#&) &#%% !)#%, $"#!& %)#)% )#!& %"*!#&& %#,& &#,&
"#%& ,)#(& )(#(& (#," ,&#)& '#'& &#)" ,#," &#,$ %#() &#,! &#$) &#%% &#!! &#%% +%& ,#)& &#&, &#&! *$#&" ,'$#%* ,#", (#&& ,"(#&& '#(& %#&&






All major oxides are in wt. %





































M N" /& 36 0O !# F7 ;O 2> PQ <R F6 2# M> N7 0' N(S 2(2T/ 2(2T! -R /7 3> D5 *. 0' /R
"#'& )%#)& !*#,& $#(% ,$#'& '#*, &#$) ,#($ &#,! %#)! &#,% &#!' &#%' &#!" &#%' +%& ,#'& &#&, &#&) *"#,, "#'( ,)'#'& )$#*& $('#&& '#,& &#"&
$#)& ',#!& (!#"& !#'' ,%#)& '#'( &#$) ,#(( &#,* %#$) &#,! &#$% &#%% &#") &#%, +%& ,#)& &#%& &#&) %(&#"* %%(#&! ,*#"' %,#"& '()(#&& %#'& &#!&
%&#'& ,'#,& )$#,& (#'( %"#*& '#,* &#$* ,#(, &#'' %#(' &#,* &#!* &#%' &#!$ &#%% +%& %#*& &#%" &#&( %(&#%& ",#(! %&#($ $*#%& "*$#&& '#,& &#$&
)#(& *#,& %$#!& %#*) "#&& %#,) &#," %#&! &#%( &#$) &#%' &#)" &#&! &#)& &#&$ +%& &#*& &#&, +&#&% ($#"$ ,*#$* %#)% ,"#%& %($#&& $#!& &#!&
%$#(& '&#"& !!#,& $#'% ,$#'& (#&$ &#"& )#'! &#(* '#'& &#!! %#"% &#," %#"& &#," ,*#&& &#*& &#&) +&#&% %)#%* ,!)#", '#"! ''*#*& %$'#&& ''#(& ,#$&
%#)& ,#!& )#*& &#(( ,#,& &#'( &#%' &#)& &#&! &#') &#&" &#%* &#&' &#,% &#&' +%& &#)& &#%' +&#&% &#(! %'#,) '#,$ %(#%& ,(#&& !#$& %#*&
)#*& (#$& %'#'& %#$& !#$& %#'% &#'( %#,, &#%$ &#*! &#%" &#)* &#&$ &#!& &#&" +%& %#'& &#%( +&#&% %#)' )%#$" %&#(' %(#!& %')#&& $#"& ,#%&
"#$& %,#&& ,'#"& ,#"% %&#'& ,#,& &#($ %#$* &#,! %#(* &#'& &#"' &#%) &#"* &#%( %,#&& &#)& &#&' +&#&% '#$$ ,((#!% !#,' ,&#*& !))#&& %%#'& '#%&
"#$& *#,& ,'#&& ,#*, %%#)& ,#', &#(! ,#&, &#'% %#!, &#'& &#*% &#%) &#"( &#%) %(#&& &#!& &#&! +&#&% &#)* %(#$! *#)& %!#&& (!#&& %'#&& %#"&
)#%& (#(& %%#*& %#)& (#'& %#%& &#,$ &#"$ &#%, &#!) &#%) &#)( &#&" &#)* &#&" +%& %#%& &#&( &#&, ,#%$ !&#*% !#'! %)#"& %*!#&& !#%& %#"&
%%#%& %)#%& ,$#"& '#%" %,#*& ,#)* &#!$ ,#," &#') ,#&( &#'" %#&' &#%$ %#%$ &#%* %)#&& ,#)& &#%! &#&% )#&% $('#'* ,'#** !&#(& ,&("#&& %$#&& $#&&
%#&& ,#,& '#$& &#)( %#)& &#'% &#&$ &#,) &#&) &#,! &#&' &#&* &#&% &#%, &#&, +%& &#!& &#&" &#&( ,#*" *(#', ,)#)( ,'#"& %)"$#&& ,#'& &#!&
"#*& !#$& %$#!& ,#($ %%#%& ,#&$ &#() %#"$ &#," %#'" &#'& &#*' &#%) %#&! &#%( +%& &#!& &#&) +&#&% &#$* %)#%& )#'% )#"& $,#&& ,#&& &#'&
%%#)& ,$#$& ('#*& (#*% ,%#&& '#"! &#*, ,#"( &#)% %#"$ &#'' %#%) &#%( &#*! &#%, +%& %#&& &#&' &#&% '#)% %%(#!( "#!! ',#%& ,"*#&& '#)& %#*&
*#)& "#'& %*#,& ,#!% %%#)& ,#'$ &#() %#*( &#,* %#!$ &#)& &#"" &#%( %#&) &#%( +%& &#(& &#&' +&#&% '#"( "(#*" "#$* %(#*& ',!#&& (#*& %#!&
',#$& %&*#%& ,&&#"& ,'#&) $"#"& %'#(& ,#,' %&#&( %#'" !#"& %#,& '#(, &#)* ,#*! &#)' ,'#&& '#"& &#&, &#&, "#*) ',(#$' )#)' %%#$& %')%#&& ,)#)& !#%&
,*#(& '!#)& $(#,& "#%( ',#!& (#(& &#*' )#*& &#$( )#'$ &#*& ,#!! &#)& ,#)" &#'( +%& ,#'& &#&, &#%% '#'" ,&$#'( ,#)& ,,#'& %%'!#&& %&#*& ,#"&
%!,#%& %'#*& '(#%& (#&& ,$#"& %$#($ !#,( ',#!% (#", ''#%( !#(% %$#,( ,#,$ %'#!* %#!" $"#&& ,#$& &#&" +&#&% &#), %)"*#), $#%% ,(#)& '*#&& ")#)& ,,#"&
%(#%& ,"#&& ($#&& !#%! ,'#)& '#*& &#!, ,#*% &#), ,#!$ &#(( %#(& &#,! %#!( &#,( +%& '#,& &#&% &#", !#%$ %*&#", %#%$ '#,& %'%!#&& "#)& $#)&
,(#"& ''#&& $,#$& "#)$ ')#(& !#$) %#() !#*% %#&% (#,, &#*( ,#$$ &#'$ ,#%, &#'& %)(#&& %#(& &#&) +&#&% !$#,) ,&)#'& '#$" $%'#!& *"*#&& %)"#!& ,)#!&
,'#"& '(#!& $'#!& "#%$ '&#,& (#"* &#*) (#&" &#$" )#&* &#"& ,#'$ &#'( ,#%& &#,* +%& %#&& &#&' +&#&% )(#!$ ''(#(, %#)( ,(#*& ,$%#&& "#*& ,#&&
%%#(& ,$#'& (,#'& (#$' ,,#%& '#*" &#$) '#,' &#)& ,#%* &#)' %#%! &#%* %#%) &#%$ +%& %#(& &#&% +&#&% (&#$' !$#!& ,#'& )#&& *,(#&& ,#(& &#!&
!#%& *#!& %$#*& ,#%! "#"& %#'$ &#,* %#'$ &#%* %#&( &#,' &#(* &#%% &#(" &#%, +%& %#%& &#&, +&#&% $$#$, %(,,#%) '(#', ')#,& ,,!'#&& $#)& '#)&
$#(& %"#&& ''#"& '#"! %)#$& ,#)' &#)( %#"% &#,! %#(& &#,( &#$$ &#%' &#", &#%) %%#&& %#%& &#&) +&#&% %,&#!' ,,$#!" !#", ),#*& !$%#&& %'#"& &#*&
%,#)& ,$#$& ()#'& (#") ,,#&& '#(" &#(" ,#*& &#'* ,#%% &#)' %#') &#,& %#)) &#,, +%& %#(& &#&' &#&( (%#() %&'#$% '"#!$ )#"& ))!!#&& %#"& &#(&
$#$& ,!#$& )$#(& (#%( %"#%& '#&) &#)' ,#'' &#'% %#$, &#'$ &#"* &#%! %#&' &#%! +%& %#"& &#&% &#%) !!#** ,('#$* %&#!" ,#(& (%('#&& ,#&& ,#&&
%$#!& '$#"& !!#$& $#%% ,$#'& )#)* %#&! '#$$ &#(( '#,* &#!( %#** &#,* %#"% &#," +%& %&#%& &#&' %#$( ((#(* %%%#'* ,&#(& &#*& %%!&#&& &#"& &#%&
%#*& '#"& !#'& &#!! ,#'& &#') &#&" &#', &#&) &#,' &#&) &#,% &#&' &#)& &#&( +%& $#*& &#&, (#*& %#&) $(*#!, $$*)#*% '%%!#&& .%&&&&& )#'& (#%&
,&#)& )'#)& "(#'& *#,' '(#'& !#,* %#,* (#'" &#$, )#&$ &#$) ,#%) &#,$ %#$! &#,$ )'#&& %#$& &#&, &#$' &#', ,"#!$ (#"% )$#&& ,$!#&& )'#$& %)#"&
)#(& %%#!& ,%#(& ,#'" $#!& %#,$ &#%! %#%& &#%( &#*& &#%' &#)( &#&" &#(* &#%& +%& &#"& &#&' &#&! &#)) ("#&' %#"" (#)& )(%#&& !#!& %#&&
%%#,& ,!#,& (!#)& !#)! ,(#&& )#'( &#$" ,#"! &#'$ ,#', &#)( %#'% &#,( %#!% &#,! +%& '#"& &#&' &#&, %$#,, ",#$, !#', )#,& %%!$#&& %#!& &#)&
%,#,& ,*#,& !&#$& !#(* ,'#,& '#)* &#)* ,#$& &#'$ ,#&" &#'" %#%& &#%" %#,( &#,% +%& %#!& &#&, &#%% (#&! ,)#"& "#"" )#%& !(&#&& %#)& &#'&
*#"& ,%#(& '*#"& )#,! %(#%& ,#,( &#'( ,#%! &#,* %#!! &#'' &#"% &#%, &#"& &#%' +%& %#$& &#&) &#%' '%#*$ (*#)" ''#*' %,#)& ',,"#&& )#,& %#,&
%'#*& %!#(& '%#*& '#*, %)#*& ,#*' &#*% ,#"( &#)% ,#'' &#)! %#,$ &#,& %#%" &#%* %,#&& ,#$& &#&, &#&% %#(" %%"(#!$ ,$#)& '$$#!& "$"#&& %&#$& %#!&






All major oxides are in wt. %










































-5 *: *7 /O !> 8' /6 8 2% <. !& 2& ;& S5 ?& 8& N' 3O 3U
,!'#&& '#(& '#)& &#,, &#,& &#,, "%#!& %#&& &#'* +( +&#% &#%( &#'& &#&! +% &#$& '%#'& +%& +,
((#&& ,"#*& $#%& &#&, ),#%, &#,% %,#&& %#&& &#&" %"#&& &#%& &#%% +&#% +&#&, +% &#%& &#!& +%& +,
'"#&& %%#%& ,#&& &#)( %#)' &#%( *#,& ,#&& &#,, %%#&& &#)& &#&$ +&#% +&#&, ,'#&& &#,& '#*& +%& +,
')#&& %#!& !#)& +&#&% &#%, &#&! $#)& %#&& &#&( +( &#"& +&#&, +&#% +&#&, ,#&& &#%& %#(& +%& +,
%))#&& ,&#,& *#"& &#'& &#*' &#%! !&#(& ,#&& &#," +( +&#% +&#&, &#,& &#&' +% &#'& %"#"& +%& +,
%*!#&& %(#(& !#'& &#$) &#*) &#,! ")#*& +% &#)( +( +&#% +&#&, &#,& &#&) +% &#'& ',#'& - +,
%**#&& %*#)& %%#%& &#*" &#** &#), ,!#!& ,#&& &#,& %%#&& &#'& &#&( +&#% +&#&, +% &#(& ,'#&& +%& +,
'(#&& )&#'& %)#'& &#&! ,,#"& %#%" (#(& '#&& &#%' ")#&& &#%& &#&' +&#% &#%& +% &#,& ,#,& +%& +,
',#&& ,$'#"& )*#'& &#$, ,$#)$ )#!! !#)& )#&& &#%% %('#&& ,#'& &#)( +&#% &#,! +% &#'& ,#!& - +,
(,#&& %&(#)& %"#!& &#%& )#"$ &#%& ,&#)& (#&& &#&) )'#&& '#*& &#%% +&#% &#&' %#&& &#(& )#)& +%& '#&&
*&#&& )$*#'& '&"#,& &#&' %#!" &#&, '#$& '#&& &#%% %$#&& +&#% +&#&, +&#% +&#&, +% &#)& (#"& +%& +,
,&(#&& ,#$& '#'& &#&' &#,* &#&! %'#"& %#&& &#&, +( +&#% +&#&, +&#% +&#&, +% &#%& !#)& +%& +,
'$$#&& ,#(& %#$& &#&' &#,% &#&' %,#(& %#&& +&#&, "#&& +&#% +&#&, +&#% +&#&, +% +&#% '#!& +%& +,
,("#&& ,#$& ,#(& &#&* &#*& &#&$ %"#&& ,#&& &#&! %&#&& &#)& +&#&, &#%& +&#&, +% &#'& ,'#)& +%& +,
%&%#&& !$#*& %#*& &#&( '#$, &#%% *#$& ,#&& &#&' %'#&& &#,& &#&( +&#% +&#&, +% &#,& %#,& +%& +,
$("#&& %"!#(& ,(#!& &#)& %,#'& &#,% "#)& !#&& &#&$ %%#&& &#,& &#%" +&#% &#&, %#&& )#%& )#(& +%& +,
'(#&& *#*& ,"#,& &#%% (#(& &#(" $#)& ,#&& &#&* $#&& &#%& &#%! +&#% &#&, +% &#%& %#%& +%& +,
*(#&& %#&& '#"& &#&( &#,) &#&$ %(#,& %#&& &#&" +( +&#% +&#&, +&#% +&#&, +% &#'& '#$& +%& +,
$"#&& )$#(& '#$& &#(& %#)( &#&$ ,"#'& ,#&& &#!' "#&& +&#% +&#&, +&#% +&#&, +% &#)& *#*& +%& +,
%!"#&& $#*& (#$& &#%! %#(! &#%" '&#&& ,#&& &#(' +( +&#% &#&" +&#% +&#&, %#&& %#"& ,&#'& +%& +,
)%#&& ($#!& )!#*& &#&' %#*( &#!, "#'& +% &#&! +( &#,& &#', +&#% +&#&, +% &#%& %#,& +%& +,
,$#&& ))(#*& %&#!& &#'' ,)#%' &#$$ !#*& '#&& &#%! %'#&& &#,& &#&* +&#% +&#&, +% +&#% '#(& +%& +,
%!&#&& %%#$& (#)& &#&' ,#*$ &#&* )&#"& '#&& &#'! $#&& &#%& &#&) +&#% +&#&, %&#&& %#'& '&#"& +%& +,
",#&& !(,#$& %*#"& &#&" %!#(* &#') %%#)& ,#&& &#&" ,,(#&& &#)& &#&* +&#% +&#&, +% &#(& %#%& +%& +,
,'#&& "**!#"& )(%#(& &#)' ,%&#%" &#%* "#'& %#&& &#%' ''%#&& ,#%& &#%% +&#% &#,% )#&& &#%& &#)& +%& +,
'!#&& )*&'#$& ("(#&& &#&" ,&#%! &#&! %&#$& '#&& &#!, %$,(#&& &#"& &#&" +&#% +&#&, '#&& &#'& %#(& +%& +,
')#&& %%%#,& %%#!& &#%) %#"* &#&" "#*& +% &#&( *)#&& &#)& +&#&, +&#% &#&) ,#&& &#,& '#'& +%& +,
,$"#&& '%#%& %'#!& %#'& &#$" &#,& "&#"& %#&& &#!' !#&& +&#% &#%( &#,& &#&) +% &#(& '(#$& +%& +,
,)#&& $,#(& %$#!& &#"& %$#&, &#&, "#&& ,#&& &#&$ ,&#&& +&#% +&#&, +&#% +&#&, '*#&& &#)& &#*& +%& +,
'%'!#&& ,$#$& '#!& &#%$ &#"% &#&" ))#!& ,#&& &#&! ,)#&& +&#% +&#&, +&#% &#&) +% &#"& %"#%& +%& +,
)"#&& %%'#!& !#)& &#', '#"$ &#,! $#&& '#&& &#%% +( &#%& +&#&, +&#% +&#&, +% &#'& *#(& +%& +,
,)#&& '(#'& "#'& &#%" %#!, &#'& !#$& )#&& &#&* ,,#&& &#'& +&#&, +&#% &#&, %#&& &#'& %#*& +%& +,
%%(#&& $*#(& (#(& *#,% '#&$ &#,% )#$& )#&& &#,* ,&#&& +&#% &#&! +&#% +&#&, "#&& &#(& %!#'& %%#&& +,
'%#&& '!#*& '#)& &#%, %#!" '#*& *#$& '#&& &#&* *'#&& &#*& &#&( +&#% &#&) +% &#)& %#(& +%& +,
'$#&& "#&& +&#, &#&' &#") &#!! %,#!& ,#&& &#&! '"#&& +&#% &#&' +&#% &#&, +% +&#% %#)& +%& +,
,%#&& %"")#"& ,,%#*& &#,( ,$#!$ (#)$ %,#'& *#&& &#"* *,#&& %#&& &#'% +&#% &#,& +% +&#% ,(#"& +%& +,
,)#&& %)&#&& %)#,& &#&, "#,( %#*, ,#)& )#&& &#'$ ,%)#&& %#"& &#&" +&#% &#%" +% &#%& (#&& +%& +,
,$#&& %)#(& ,#&& +&#&% %#&, %#!, '#*& '#&& &#%, '%'#&& &#!& &#&, +&#% &#&' +% &#,& ,#!& +%& +,
,!#&& %(#!& ,#%& &#&$ %#'! &#(& (#%& '#&& &#&" (%#&& &#)& +&#&, +&#% +&#&, +% +&#% %#*& +%& +,






All major oxides are in wt. %





































-5 *: *7 /O !> 8' /6 8 2% <. !& 2& ;& S5 ?& 8& N' 3O 3U
,!#&& !*#*& ,)#$& &#*& $#*! %#'( ,#,& '#&& &#&* %(#&& &#!& &#%& +&#% &#&" +% &#'& %#!& +%& +,
$'#&& (!#&& %#!& &#)& %$#(, ,#') ,#"& %#&& &#%, !,#&& %#"& &#%, +&#% &#&* +% &#,& %#,& +%& +,
(!#&& %,#,& %(#$& &#)' %#), &#)" '#)& '#&& &#&! '!#&& &#,& &#&' +&#% +&#&, +% &#)& %#*& +%& +,
!(#&& )#'& +&#, %#)! %#%* &#%! !#"& +% &#&) (#&& +&#% &#&, +&#% +&#&, +% &#'& ,#!& +%& +,
%'%#&& )!#,& +&#, ,#%) $#!* %#%& ,)#'& ,#&& &#%) %&#&& +&#% &#&' +&#% &#&' +% &#'& %%#)& +%& +,
%'!#&& '#%& +&#, &#&% &#%" &#&$ %)#&& +% +&#&, %(#&& +&#% &#&) +&#% +&#&, +% +&#% '#%& +%& +,
,)$#&& ,#)& ,#!& &#%* &#%! &#'$ ')#!& +% +&#&, %&#&& &#'& +&#&, &#'& &#&' +% &#'& !#'& +%& +,
%),#&& %#,& ,)#)& &#%( &#%, &#&$ '$#"& %#&& &#&( +( +&#% +&#&, &#%& &#&' +% &#,& !#'& +%& +,
,%%#&& '#)& +&#, &#%$ &#%! &#&) (&#&& +% +&#&, !#&& +&#% +&#&, &#,& +&#&, +% &#'& ,#,& +%& +,
',!#&& %(#'& $#$& &#," &#,$ &#,( ,&#)& ,#&& &#&) $#&& +&#% &#&' &#,& &#&' +% &#)& )#*& +%& +,
%(*#&& ,*#"& ,!#*& %#)' &#%, %#'' !!#$& %#&& +&#&, "#&& '#&& &#&" +&#% &#&* ($#&& &#!& %)#&& +%& +,
%')#&& %$$#%& %$#%& &#"" %#*, &#," )#*& ,#&& &#&, %,#&& &#,& &#&) +&#% &#&' +% &#,& &#!& +%& +,
)"#&& &#$& ,#!& &#&$ &#&! &#&! %%#,& +% +&#&, +( +&#% +&#&, +&#% +&#&, +% &#%& ,#&& +%& +,
%,"#&& ,#*& (#*& &#%% &#%( &#%' '#*& %#&& +&#&, +( +&#% &#&, &#%& +&#&, ,#&& &#,& $#,& +%& +,
%%)#&& ,#,& '#)& &#%' &#,' &#%' %*#%& %#&& +&#&, +( +&#% +&#&, &#%& +&#&, +% +&#% ,#(& +%& +,
('#&& %)#%& %'#!& &#%( %#&* &#*' ,'#(& %#&& &#(% "#&& &#'& &#,) +&#% +&#&, +% %#&& %%#(& +%& +,
'!#&& ,$#%& $#$& &#%! &#"& &#)% ,%#*& ,#&& &#') $#&& %#&& &#%& +&#% +&#&, %&#&& &#,& )#'& +%& +,
("#&& %$#(& %#*& &#%! '#'* ,#$" $$#&& (#&& &#%' %)#&& +&#% &#,% +&#% +&#&, '#&& &#,& "#&& +%& +,
%*#&& %&#"& (#(& &#&! %#%* ,#&' $#)& +% &#%% +( '#&& %#,& +&#% +&#&, ,!#&& &#'& %#%& +%& +,
!%#&& )%#,& )#)& )#*' !#&$ ,#!, ,%#!& ,#&& &#,' +( +&#% &#'" +&#% ,#&" "#&& &#'& !#*& +%& +,
!$#&& )#"& $#'& &#%( &#'% ,#'' '$#,& ,#&& &#,$ +( +&#% &#&' &#%& &#&$ +% &#,& (#$& +%& +,
,$#&& %$#,& )#%& &#&$ (#(* &#(' $#,& ,#&& &#&( +( %#$& +&#&, +&#% +&#&, +% &#%& &#"& +%& +,
)*#&& ''#%& %*#,& %#$" (#"% &#,, ,'#&& ,#&& &#&$ +( &#,& +&#&, +&#% &#&$ +% &#%& )#%& +%& +,
$'#&& (#%& (#$& &#,% &#"% %#%& ,,#'& ,#&& &#&) +( &#'& &#%& +&#% &#&, +% &#,& $#'& %'#&& +,
'(#&& !$#*& ,$#(& &#%) '"#,% %#(' *#"& '#&& &#%% ,$#&& &#*& &#%! +&#% &#&! +% +&#% %#'& +%& +,
,)#&& ,&#)& "#!& &#&" !'#$! &#(" (#*& ,#&& &#%% +( %#%& &#&$ +&#% &#&' +% +&#% %#)& +%& +,
%,#&& %$$#(& %)$#)& &#&( ,)#&& '#!, )(#*& $#&& %#&( %%&#&& ,#&& &#,* +&#% &#&) +% &#'& ,#"& +%& +,
**#&& .%&&&&#& ')*(#!& '!#"' %(,&#(" %%#$* '#$& ,#&& %#"% ,"$)#&& ,)#)& %#*% +&#% &#!) +% +&#% %#%& +%& +,
%("#&& %(#%& %#$& &#&' %#$" &#)) !(#&& +% %#%( %&#&& +&#% &#&" &#,& +&#&, +% &#'& ,'#!& +%& +,
),#&& $#'& %&#$& &#&, %#!% &#'! %%#"& ,#&& &#&$ +( &#(& &#%, +&#% +&#&, +% &#,& )#(& +%& +,
)'#&& %%#,& *#'& &#&% "#!( &#'( ,%#!& !#&& &#,* )$#&& %#&& &#&$ +&#% +&#&, +% &#)& %(#!& +%& +,
')#&& %()#&& %&#"& &#%) (#&& &#!* $#(& ,#&& &#%% $#&& &#)& &#&' +&#% +&#&, +% +&#% %#"& +%& +,
,!#&& %(*#*& *#*& &#,' )#,' &#"% (#*& +% &#&! %&#&& %#(& &#&! +&#% +&#&, +% &#,& %#(& +%& +,
'""#&& ("#$& %""#"& ,#($ %#*, &#)% ($#,& '#&& &#&, "#&& +&#% &#)$ +&#% &#&$ +% &#"& %!#)& +%& +,




Appendix 6: White Pine 







(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63 Cu65
WP46-C1-S1 Vein Quartz 372.6 3.1154 2.0599 0.5250 72.0237 467500 18.5576 1.6842 -89.2127 57.1205 54.7686 0.0170 0.1784 0.1415 3.2537 0.0858 0.1271
WP46-C1-S2 Vein Quartz 372.6 4.8916 -0.9230 0.1792 65.9265 467500 17.3326 0.9393 37.6884 58.3216 57.6206 0.0045 0.1527 0.0629 1.6723 0.0667 -0.0181
WP46-C1-S3 Vein Quartz 372.6 2.2021 0.3262 0.1708 49.7118 467500 15.7042 -0.0494 13.5034 28.9256 28.6379 -0.0005 -0.0579 0.0688 -0.1732 0.0613 0.0314
WP46-C1-S4 Vein Quartz 372.6 3.7566 2.4629 0.2400 92.6102 467500 16.6633 50.5981 6.8702 50.8814 52.3266 0.0485 0.1018 0.0946 0.6884 0.0101 0.0235
WP46-C1-S5 Vein Quartz 372.6 1.8285 3.0382 0.1551 53.1463 467500 14.8722 14.6433 14.1790 79.2946 84.5310 0.0601 0.1696 0.0705 1.2121 0.0107 0.0548
WP46-C1-S6 Vein Quartz 372.6 6.1701 0.2956 0.2602 89.5185 467500 11.0229 9.8993 20.4426 60.5093 61.8367 -0.0011 0.0399 0.1010 1.2315 0.1556 0.1383
WP46-C1-S7 Vein Quartz 372.6 1.3048 1.3550 0.4967 54.1255 467500 16.2912 6.8941 -29.6221 42.6259 44.9027 -0.0030 -0.0554 0.1071 6.4405 0.1176 0.1795
WP46-C1-S8 Vein Quartz 372.6 2.0608 1.7384 0.3583 61.6718 467500 15.8140 29.3084 -5.9562 72.8498 71.5882 0.0697 0.0995 0.0708 9.3704 0.8023 1.0141
WP46-C1-S9 Vein Quartz 372.6 2.3646 16.2829 0.5572 63.1446 467500 18.6942 6.4829 -22.6365 52.1995 52.5474 0.0147 -0.0800 0.1083 10.2175 0.1114 0.1409
WP46-C1-S10 Vein Quartz 372.6 2.4556 5.7868 0.2535 75.2088 467500 15.1726 20.1004 6.5558 54.3998 54.9705 0.0107 0.0087 0.1299 1.2398 0.2646 0.1187
WP46-C1-S11 Vein Quartz 372.6 1.4860 0.9336 0.4081 41.6578 467500 19.1207 3.3980 49.5048 33.9851 34.2336 0.0130 0.0057 0.0480 3.2733 0.1604 0.2599
WP46-C1-S12 Vein Quartz 372.6 4.1229 2.4318 0.2358 66.0081 467500 17.6931 0.7698 1.1358 47.5030 47.2990 -0.0031 0.0547 0.0559 -0.0509 0.0529 -0.0346
WP46-C1-S13 Vein Quartz 372.6 4.0699 1.5251 0.2241 66.3019 467500 12.5427 -0.1867 13.6762 37.7418 39.3811 0.0079 -0.1411 0.0472 0.1776 0.0121 0.0460
WP46-C1-S14 Vein Quartz 372.6 3.2643 -2.2318 0.4567 69.3980 467500 18.6137 6.7299 65.2334 42.1768 42.9820 0.0154 0.0126 0.0796 1.9228 0.0861 0.1911
WP46-C1-S15 Vein Quartz 372.6 3.2805 -0.8833 0.2192 67.8385 467500 10.4731 2.2864 -1.8281 44.1960 45.2642 -0.0017 0.1340 0.0943 0.6599 0.0007 -0.0267
WP03-C1-S1 Vein Quartz 1546.4 0.6944 34.8881 0.0136 30.5462 467500 10.6962 5.1076 30.3747 4.9760 3.5033 -0.0085 0.0022 0.0459 0.2017 0.1735 0.0755
WP03-C1-S2 Vein Quartz 1546.4 5.7772 23.5194 0.1002 176.5891 467500 15.9110 22.6278 0.7037 12.5177 12.2742 0.0005 0.0287 0.3737 0.9958 0.7343 0.7336
WP03-C1-S3 Vein Quartz 1546.4 7.4317 12.8452 5.5103 165.8108 467500 16.4198 10.9945 -1.5076 13.0521 12.9839 0.0216 -0.0601 0.4835 21.9570 1.8341 1.8436
WP03-C1-S4 Vein Quartz 1546.4 1.5610 9.7036 0.2662 57.7846 467500 15.2574 5.9142 7.7863 7.6269 6.8088 0.0054 0.0561 0.0943 6.6007 0.3651 0.4366
WP03-C1-S5 Vein Quartz 1546.4 0.1652 11.9198 0.1520 10.5452 467500 15.6737 3.1240 23.4685 1.4101 1.2990 0.0141 0.0200 0.0404 4.5449 0.1579 0.1954
WP03-C2-S1 Vein Quartz 1546.4 4.0597 4.9918 -0.0210 101.0432 467500 14.8220 1.6242 23.1133 9.2369 8.6647 0.0119 0.0549 0.0842 2.2000 0.0289 -0.0001
WP03-C2-S2 Vein Quartz 1546.4 4.2720 3.5510 0.1344 76.2405 467500 15.6050 1.9228 -12.7003 7.8064 8.7164 0.0069 -0.0877 0.0869 0.1727 0.1908 0.2416
WP03-C2-S3 Vein Quartz 1546.4 1.4292 6.3474 0.0270 47.6902 467500 13.0912 1.6605 70.7622 5.9501 6.4924 -0.0014 -0.0771 -0.0007 0.8498 0.0024 0.0586
WP03-C2-S4 Vein Quartz 1546.4 1.7158 19.7295 0.1335 61.2656 467500 13.2488 2.2019 16.8435 8.3020 8.1437 -0.0097 -0.0926 0.1199 1.5480 0.1650 0.1472
WP03-C2-S5 Vein Quartz 1546.4 3.0882 10.7137 0.0567 81.4919 467500 18.2099 1.7617 3.7087 9.3486 7.8530 -0.0069 0.0627 0.1492 9.7919 0.1313 0.1119
WP13-C3-S1 Vein Quartz 1553.6 5.0971 -1.7373 0.0344 53.0136 467500 19.4536 0.0925 74.2631 35.4817 37.0070 -0.0121 0.1202 0.0373 -0.1924 0.0320 -0.0106
WP13-C3-S2 Vein Quartz 1553.6 5.7303 1.0240 0.0290 57.1169 467500 20.2493 -0.4549 23.1350 33.4397 33.5798 0.0078 0.0388 0.0351 -0.8015 -0.0100 0.0856
WP13-C3-S3 Vein Quartz 1553.6 4.3176 -0.1257 0.0674 47.9505 467500 23.1360 -0.4864 -47.5928 33.9522 34.8291 -0.0127 -0.0008 0.0347 0.3324 -0.0906 0.0324
WP13-C3-S4 Vein Quartz 1553.6 5.0482 6.9632 0.1275 62.8982 467500 18.9618 2.0194 -19.1965 37.6690 39.5704 0.0129 0.0492 0.0448 0.5272 0.0820 0.0266
WP13-C5-S1 Vein Quartz 1553.6 4.0169 2.0964 0.4885 48.7725 467500 18.7075 5.1195 -32.7563 42.9681 45.3654 -0.0116 -0.0592 0.0268 0.4709 0.0915 1.0454
WP13-C5-S2 Vein Quartz 1553.6 4.6028 4.4316 0.2672 73.1302 467500 17.1725 3.5310 -46.6123 44.8418 47.2264 0.0054 -0.0053 -0.0264 1.0174 0.0562 0.0278
WP13-C5-S3 Vein Quartz 1553.6 3.3443 1.4361 2.5555 47.0626 467500 21.2817 1.0352 28.7210 45.7615 46.3027 -0.0090 -0.0742 0.0633 0.6801 0.0755 0.0818
WP13-C5-S4 Vein Quartz 1553.6 2.3535 -2.8053 0.3458 31.8020 467500 18.7646 0.8515 17.0753 34.2770 34.4151 0.0017 -0.0412 0.0239 1.3162 0.0413 0.0842
WP22-C4-S1 Vein Quartz 2588.2 1.8600 -0.3018 0.0222 29.9000 467500 19.6446 -0.5035 43.7598 1.0178 0.8855 0.0052 -0.1119 0.0249 -1.8305 0.0079 -0.0162
WP22-C4-S2 Vein Quartz 2588.2 0.5366 0.2764 0.0310 19.0434 467500 17.4337 -0.7301 227.4427 1.5089 0.4858 0.0027 -0.0735 0.0486 5.0660 0.0651 0.2622
WP22-C4-S3 Vein Quartz 2588.2 0.5548 15.6521 0.0361 24.4276 467500 18.8429 5.3493 35.1612 1.3364 1.1277 0.0051 -0.0478 0.0912 7.6475 0.3301 0.3468
WP22-C4-S4 Vein Quartz 2588.2 0.8813 -0.5892 0.0509 26.8663 467500 16.6780 0.3945 27.0591 1.8591 1.3468 0.0143 -0.1994 0.0236 21.8891 0.2960 0.2778
WP22-C4-S5 Vein Quartz 2588.2 0.6348 31.9826 0.2016 31.3396 467500 14.8124 7.2340 43.4509 1.4480 1.3163 -0.0006 0.0175 0.4451 22.2118 0.7688 0.5572
WP06-C2-S1 Vein Quartz 1429.0 5.6995 1.0012 0.1680 67.9607 467500 15.5170 4.3078 45.5792 52.7383 54.5263 0.0045 -0.0281 0.0987 0.7276 0.0228 0.0752
WP06-C2-S2 Vein Quartz 1429.0 4.8636 -2.4774 0.0753 59.8479 467500 13.6432 3.1902 10.9984 48.7030 48.0002 0.0060 -0.0407 0.1144 0.9605 0.0236 0.0063
WP06-C2-S3 Vein Quartz 1429.0 5.1525 -0.1475 0.1070 61.0808 467500 12.1179 5.5343 -14.8315 46.9053 48.7270 -0.0001 0.0609 0.1073 -0.1165 0.0158 0.0110
WP06-C2-S4 Vein Quartz 1429.0 5.2315 -3.3171 0.0968 59.1548 467500 11.9592 3.8459 -12.1156 37.6854 39.5673 -0.0012 -0.0148 0.0838 0.5657 0.0203 -0.0564
WP06-C3-S2 Vein Quartz 1429.0 2.3771 115.3884 0.4570 101.1784 467500 17.1659 19.1558 111.9366 25.7669 26.6237 0.0470 0.1013 0.4509 2.7998 0.1104 0.0034
WP06-C3-S3 Vein Quartz 1429.0 4.1601 7.9020 0.1424 66.0651 467500 15.0226 6.5152 -37.4975 47.3408 48.8977 0.0115 0.1437 0.1205 7.2415 0.1898 0.1398
WP06-C3-S4 Vein Quartz 1429.0 3.2007 -1.0263 0.1547 40.9591 467500 14.7306 2.2523 14.1203 43.1050 43.0409 -0.0117 0.1131 0.0796 0.2779 -0.0095 0.0348
WP53-C1-S1 Vein Quartz 548.8 1.4462 36.4365 0.1465 69.1227 467500 16.2906 14.7438 45.5054 44.3565 45.0636 -0.0032 0.1542 0.1461 -0.4923 0.5633 0.4905




Appendix 6: White Pine 







(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63 Cu65
WP53-C1-S3 Vein Quartz 548.8 3.3134 1.5261 0.1832 81.0627 467500 19.0034 8.3064 -18.1628 58.9941 58.9889 -0.0008 0.0531 0.0948 0.4756 0.0631 0.0803
WP53-C1-S4 Vein Quartz 548.8 1.8404 17.2615 0.1469 75.5037 467500 15.1161 13.0535 -21.3665 58.9071 58.1485 -0.0003 0.1106 0.1197 -0.0368 0.2786 0.1597
WP53-C1-S5 Vein Quartz 548.8 0.8511 14.3561 0.1379 28.1060 467500 17.1006 1.5359 -17.5828 17.2993 15.9160 -0.0025 -0.0093 0.0366 0.3511 0.2335 0.2520
WP53-C2-S1 Vein Quartz 548.8 1.3715 10.8724 0.2559 47.2035 467500 15.8905 3.5202 -6.2358 41.3748 40.0242 0.0153 0.1553 1.8107 22.6406 1.5866 1.5474
WP53-C2-S2 Vein Quartz 548.8 1.4315 16.8159 0.1861 39.1862 467500 16.2515 3.8914 -32.5892 39.0673 37.3485 -0.0045 0.0051 0.1194 2.3408 0.0856 0.1747
WP53-C2-S3 Vein Quartz 548.8 0.6940 35.5912 0.3602 116.3973 467500 16.0448 32.0538 8.4027 68.3986 66.3955 -0.0051 0.0801 0.2893 2.2513 0.3183 0.3324
WP53-C2-S4 Vein Quartz 548.8 1.7610 8.0954 0.2666 66.0219 467500 14.8779 11.1226 -30.4262 51.9605 52.3848 0.0024 -0.1381 0.1608 1.3636 0.0786 0.0468
WP53-C2-S5 Vein Quartz 548.8 0.7916 38.9326 0.7956 65.7334 467500 17.0564 14.4717 31.7626 26.6561 28.2921 0.0056 -0.0071 1.4256 7.0287 1.8921 2.1374
WP05-C1-S1 Vein Quartz 1429.0 3.2996 -0.1922 0.0667 53.6164 467500 13.7199 1.2049 21.1752 51.3988 52.9019 0.0002 -0.0008 0.1239 2.8214 0.0129 0.0059
WP05-C1-S2 Vein Quartz 1429.0 1.2681 22.0080 0.0636 34.3777 467500 13.8926 2.4895 -40.0076 42.6062 41.9634 0.0034 0.0931 0.0097 0.1487 1.1760 1.3207
WP05-C1-S3 Vein Quartz 1429.0 2.0219 1.5768 0.2312 42.1338 467500 15.3694 2.6080 26.5853 47.8203 50.3390 -0.0014 -0.0472 0.0655 0.0397 0.0739 0.0444
WP05-C1-S4 Vein Quartz 1429.0 3.2939 -0.6730 0.1648 46.8234 467500 15.1169 0.4434 -23.7082 59.1196 58.9949 -0.0130 0.1381 0.0706 -0.3509 0.0397 0.0393
WP05-C2-S1 Vein Quartz 1429.0 1.0331 0.7886 0.3402 26.7528 467500 17.8465 2.0421 -17.3886 38.1949 36.2959 0.0109 0.0277 0.0752 -0.0489 0.7079 0.8559
WP05-C2-S2 Vein Quartz 1429.0 0.8433 8.1016 0.1222 27.6767 467500 14.4856 2.7493 -46.9154 16.9097 18.2047 -0.0024 -0.1702 0.1303 -0.0448 1.5730 1.9553
WP05-C2-S3 Vein Quartz 1429.0 1.1188 -0.4103 0.4570 25.4485 467500 16.7860 -0.1839 15.9288 43.2385 41.6062 -0.0012 -0.1389 0.0123 0.4700 0.4159 0.5087
WP05-C2-S4 Vein Quartz 1429.0 2.2858 -0.3917 0.3945 39.2062 467500 16.3038 1.4956 28.0849 36.1199 35.6120 0.0018 -0.0810 0.0518 0.7866 0.0273 0.0516
WP05-C2-S5 Vein Quartz 1429.0 2.0071 0.2918 0.2861 42.4110 467500 14.9449 2.8678 3.7018 47.0650 47.1100 0.0033 0.0830 0.0401 0.7656 0.0069 0.0320
WP05-C3-S1 Vein Quartz 1429.0 1.9632 78.5831 0.3046 57.3254 467500 13.0492 7.4141 10.9514 1.4771 1.3245 -0.0029 -0.0774 0.0921 3.0391 0.0872 0.1422
WP05-C3-S2 Vein Quartz 1429.0 4.8218 3.3991 0.0424 88.5064 467500 14.4805 7.5679 -2.9872 2.9069 2.0190 0.0070 -0.1343 0.0885 0.3029 0.3877 0.3686
WP05-C3-S3 Vein Quartz 1429.0 1.0542 1.6836 0.1265 31.5224 467500 16.2345 0.3270 23.0936 0.8640 3.2282 0.0189 -0.0212 0.2048 -1.3796 0.0664 0.0322
WP05-C3-S4 Vein Quartz 1429.0 2.9826 19.5620 0.3854 68.3526 467500 12.5348 6.6570 22.6605 1.7252 1.3061 -0.0056 0.0418 0.0990 -0.4323 3.1624 3.4634
WP64-C1-S1 Vein Quartz 704.8 1.3986 5.1148 0.3400 32.2196 467500 21.3326 1.1525 30.4308 1.2228 0.8229 0.0104 0.0403 0.0139 7.2658 0.2037 0.2310
WP64-C1-S2 Vein Quartz 704.8 3.0184 2.7728 0.4207 50.2778 467500 23.5357 5.5594 3.0119 1.9877 1.3247 -0.0049 0.0857 0.0543 6.9185 0.2175 0.2021
WP64-C1-S3 Vein Quartz 704.8 3.0668 9.1989 0.3489 41.7483 467500 19.6418 5.2134 -22.5627 1.9490 0.6303 0.0042 -0.2399 0.1155 8.3680 0.3117 0.3917
WP64-C1-S4 Vein Quartz 704.8 5.3096 0.5542 1.8790 81.9450 467500 19.0216 22.1821 16.8880 2.6419 1.8900 0.0277 -0.0826 0.2167 3.3595 0.0738 0.0945
WP64-C2-S1 Vein Quartz 704.8 3.8935 18.4186 5.8297 145.3918 467500 23.4404 67.8533 -89.5584 2.9816 2.0585 0.1553 -0.1051 0.5388 34.1013 3.4250 2.2101
WP64-C2-S2 Vein Quartz 704.8 3.7864 -2.4020 8.4681 163.6552 467500 23.0507 68.3221 35.4605 4.3679 4.5019 0.1715 -0.1277 0.5810 5.4413 0.1442 0.0967
WP64-C2-S4 Vein Quartz 704.8 7.8886 46.3944 2.2866 177.6044 467500 20.4313 49.4537 10.6126 2.6946 2.2319 0.0383 0.2008 0.7877 3.0408 1.6821 1.5037
WP64-C3-S1 Vein Quartz 704.8 1.6925 -0.1181 -0.0053 17.3653 467500 21.1652 -0.2176 -14.3117 4.2856 3.1302 0.0067 0.0556 0.0326 0.7621 0.1144 0.1037
WP64-C3-S2 Vein Quartz 704.8 5.6170 32.6204 1.7700 121.1922 467500 19.1163 28.6137 -49.5476 1.9488 1.8611 0.0260 -0.1208 0.3133 34.4749 6.9290 7.9028
WP64-C3-S3 Vein Quartz 704.8 4.7946 4.9304 0.8909 73.7293 467500 25.6488 7.9745 -65.2207 1.9736 1.3797 0.0132 -0.2510 0.4423 114.4430 5.0690 5.3157
WP52-C3-S1 Vein Quartz 785.5 1.9229 -3.8210 0.2225 85.1414 467500 14.8576 14.2923 1.8744 57.9681 58.7299 -0.0022 0.0594 0.2045 1.2761 0.0006 -0.0177
WP52-C3-S2 Vein Quartz 785.5 1.2298 -0.2208 0.1568 49.5862 467500 12.5845 1.9359 6.2361 50.8284 50.9632 -0.0039 -0.0399 0.0689 0.5794 0.0371 0.0040
WP52-C3-S3 Vein Quartz 785.5 0.4682 23.1602 0.0990 56.5414 467500 14.9681 1.9077 40.5997 67.9348 69.0671 0.0231 0.0430 0.0987 26.4904 0.1993 0.1536
WP52-C3-S4 Vein Quartz 785.5 1.0987 -2.2450 0.1825 60.0011 467500 11.5208 6.4669 33.0540 75.4399 71.1609 -0.0014 -0.1112 0.1942 5.8774 0.0108 0.0333
WP65-C2-S3 Vein Quartz 609.4 4.0334 68.5843 8.6486 161.3174 467500 15.3013 91.1028 82.5976 9.8075 10.7194 0.0644 0.1068 0.0890 53.8280 0.2698 0.2434
WP65-C2-S4 Vein Quartz 609.4 6.5126 0.9475 0.8971 65.8455 467500 13.5194 3.8082 38.2062 10.8249 11.3567 0.0043 0.1396 0.0649 166.4358 0.0969 0.0668
WP65-C3-S1 Vein Quartz 609.4 8.5866 -5.0080 0.3441 88.1919 467500 11.7650 2.9023 16.6396 38.7910 37.0481 -0.0035 0.0521 0.1149 1.1281 -0.0023 0.0378
WP65-C3-S2 Vein Quartz 609.4 7.6891 -2.3436 0.5447 71.9938 467500 13.2345 1.4935 18.7495 32.7829 32.8671 0.0043 0.0368 0.1340 2.9781 0.5019 0.4782
WP65-C3-S3 Vein Quartz 609.4 7.8231 2.2547 0.3204 75.7369 467500 14.4187 0.9135 -4.5555 33.6633 35.1075 0.0090 0.0938 0.0898 1.4042 0.2222 0.1813
WP65-C3-S4 Vein Quartz 609.4 9.5140 -2.0352 0.2550 107.8307 467500 13.3240 31.5642 25.6243 34.2012 34.9851 -0.0028 -0.0237 0.1069 0.9806 0.0047 0.0029
WP65-C4-S1 Vein Quartz 609.4 5.4951 -2.6274 0.9078 58.0634 467500 15.6591 5.4531 -6.4331 34.9436 34.9567 -0.0085 0.1118 0.1837 1.9735 0.7190 0.7385
WP65-C4-S2 Vein Quartz 609.4 5.4104 -2.1140 0.1675 50.8094 467500 12.3474 4.2616 -22.0446 33.2326 34.2354 0.0071 0.0006 0.0543 0.9066 0.1347 -0.0136
WP65-C4-S3 Vein Quartz 609.4 4.5398 -1.9293 0.0822 43.7618 467500 15.5716 -1.5463 10.8689 31.6008 31.3358 0.0186 -0.0497 0.0343 -0.0661 0.0211 0.0215
WP65-C4-S4 Vein Quartz 609.4 2.7467 5.4588 0.2945 38.0814 467500 15.6379 3.0674 -98.1023 28.4302 26.1470 0.0656 -0.0058 0.0118 12.0587 0.4867 0.4456
WP23-C5-S2 Vein Quartz 1688.3 10.2880 -1.5453 0.9349 142.4603 467500 13.1627 22.9073 51.2308 17.6323 16.9706 0.0088 0.0483 0.2953 12.7775 0.1376 0.1232




Appendix 6: White Pine 







(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63 Cu65
WP07-C1-S4 Vein Quartz 1360.2 1.2454 4.7447 0.2476 36.8561 467500 24.1052 1.9436 10.6374 25.7599 27.2127 0.0042 -0.1532 0.1097 10.7258 0.3793 0.3981
WP07-C2-S1 Vein Quartz 1360.2 5.4221 -0.8085 0.1480 60.5973 467500 19.8979 3.7076 9.1858 45.4163 43.7944 0.0017 0.1472 0.1284 0.3621 0.1455 0.1075
WP07-C2-S2 Vein Quartz 1360.2 5.4182 -0.1710 0.2047 66.3947 467500 19.5307 6.6395 -17.6477 45.6034 42.7737 -0.0004 -0.0169 0.0839 0.8538 0.0022 -0.0572
WP07-C2-S3 Vein Quartz 1360.2 4.0398 7.2271 0.4896 84.1581 467500 18.8521 19.9741 -63.2891 56.3828 54.1424 0.0049 -0.1523 0.2782 2.0316 0.3020 0.2391
WP07-C4-S1 Vein Quartz 1360.2 3.9592 1.1113 -0.0332 53.4597 467500 24.9876 6.3141 -46.9022 33.6519 35.2235 -0.0125 0.0460 0.1571 3.0844 0.0308 0.0899
WP07-C4-S2 Vein Quartz 1360.2 4.9892 6.3377 0.1488 56.8122 467500 17.2379 5.2514 26.2825 42.3702 42.3864 0.0109 -0.0248 0.1004 2.1431 0.1398 0.1136
WP07-C4-S3 Vein Quartz 1360.2 4.3613 1.5457 0.1097 49.4492 467500 18.1547 3.7701 19.5401 47.2628 47.6713 0.0029 -0.0230 0.0949 0.4794 0.1471 0.1364
WP07-C4-S4 Vein Quartz 1360.2 4.8850 1.2439 0.1393 52.1974 467500 16.6785 4.0033 -8.2769 42.7890 42.2632 0.0036 0.0969 0.1083 1.2002 0.0749 0.1206
WP07-C1-S1 Vein Quartz 1360.2 2.6066 54.6825 0.6480 127.0639 467500 125.1417 6.5624 58.5120 36.0545 36.2460 0.0169 0.1469 0.1091 621.9281 2.2551 2.5815
WP07-C1-S3 Vein Quartz 1360.2 2.0760 13.8607 1.2305 58.1231 467500 23.4329 3.5707 71.5755 28.6230 26.7927 0.0196 -0.0228 0.1438 8.1781 0.2898 0.3742
WP07-C1-S4 Vein Quartz 1360.2 1.3187 5.3732 1.4167 38.7572 467500 23.5831 2.2099 11.5052 29.4728 25.5740 0.0060 -0.0966 0.1197 55.8379 1.4076 1.3329
WP07-C2-S1 Vein Quartz 1360.2 5.6103 -0.6459 0.1779 61.4003 467500 19.9059 4.4382 7.7899 44.2056 43.9733 0.0113 0.1838 0.1613 0.8100 0.1584 0.2392
WP07-C2-S2 Vein Quartz 1360.2 5.3950 -0.3353 0.2430 67.8380 467500 20.5782 8.3568 -18.7710 45.5579 44.6150 0.0072 0.0045 0.0670 1.7840 -0.0046 -0.0299
WP07-C2-S3 Vein Quartz 1360.2 5.8433 13.5393 0.2166 63.9514 467500 17.6084 15.1978 -6.4977 63.8473 61.5007 0.0040 -0.0413 0.1340 2.3290 0.1531 0.0880
WP03-C1-S1 Vein Quartz 1546.4 2.5963 5.7344 0.2171 28.7581 467500 14.9228 1.2468 12.9630 26.7224 25.7979 -0.0208 0.1429 0.1199 3.7625 0.0985 0.2432
WP03-C1-S2 Vein Quartz 1546.4 6.1604 3.5063 0.0446 59.0540 467500 14.8293 2.8792 -22.7049 45.6057 45.5290 0.0025 -0.0224 0.1261 -0.1322 -0.0208 0.0415
WP03-C1-S3 Vein Quartz 1546.4 6.9361 0.7479 0.0557 64.0363 467500 11.5084 1.5348 86.2852 48.0082 47.5655 -0.0023 -0.0346 0.0515 -0.5329 -0.0614 -0.0062
WP03-C1-S4 Vein Quartz 1546.4 6.7095 0.8256 0.0788 58.8952 467500 8.9296 2.5289 0.4893 47.7689 47.9771 -0.0102 0.1418 0.0445 0.5569 -0.0377 0.0553
WP03-C2-S2 Vein Quartz 1546.4 5.7128 0.7342 0.0886 53.6716 467500 14.3021 4.5605 15.0510 42.2173 43.9869 -0.0185 -0.0121 0.0774 0.5252 0.0343 0.0148
WP03-C2-S3 Vein Quartz 1546.4 7.8814 9.6125 0.0671 80.6954 467500 12.4850 12.2802 27.4406 63.2428 62.6900 -0.0098 -0.0220 0.0948 0.2299 0.0037 0.0245
WP03-C2-S4 Vein Quartz 1546.4 7.4031 0.8722 0.0477 69.5578 467500 13.3792 1.4433 25.8912 44.9574 43.8049 -0.0067 -0.0350 0.0680 -0.3579 -0.0047 0.0144
WP03-C3-S1 Vein Quartz 1546.4 1.7556 6.9691 0.0219 24.2865 467500 12.0607 1.9600 18.9596 2.2123 2.1426 -0.0091 -0.2117 0.0731 0.5008 -0.0040 0.0097
WP03-C3-S2 Vein Quartz 1546.4 1.3611 30.4045 0.1524 24.2300 467500 12.7410 4.4349 10.2586 3.7534 3.3547 0.0002 -0.0857 0.1461 0.9373 0.8075 0.7613
WP03-C3-S3 Vein Quartz 1546.4 1.2526 13.3739 0.0584 15.9612 467500 11.9518 3.4611 -5.6981 2.2655 1.6593 -0.0091 0.0925 0.0036 -0.0023 0.0264 0.0126
WP03-C3-S4 Vein Quartz 1546.4 0.9683 23.1517 0.1449 20.6290 467500 11.5698 3.5691 41.5427 1.8746 1.7684 0.0124 0.0525 0.0720 1.5329 0.9953 1.1805
WP03-C4-S1 Vein Quartz 1546.4 1.1228 17.7295 0.0850 22.4516 467500 11.9320 6.0019 18.1425 2.2282 2.7008 0.0172 -0.0487 0.0388 -0.2221 0.1693 0.1112
WP03-C4-S2 Vein Quartz 1546.4 1.0082 58.2568 0.4345 21.4584 467500 13.1479 4.6898 54.1338 1.2255 1.5356 -0.0115 -0.2251 0.0945 24.0668 0.2991 -0.0207
WP03-C4-S3 Vein Quartz 1546.4 2.1491 21.8020 0.0726 28.5870 467500 13.1491 1.7852 -48.3022 3.6277 3.2901 0.0091 0.0266 0.0389 10.2612 0.1300 0.0239
WP03-C4-S4 Vein Quartz 1546.4 0.8230 5.7873 0.0174 15.0935 467500 13.6891 1.0598 82.8514 1.8483 1.9605 0.0102 0.0235 0.0632 -0.0672 0.8516 1.1003
WP63-C1-S1 Breccia Cement 0.0 4.3374 0.9527 0.2291 74.2055 467500 14.1099 10.9168 -3.8036 67.6314 68.0997 0.0132 0.0099 0.1836 1.1583 0.0611 0.0247
WP63-C1-S2 Breccia Cement 0.0 5.0135 -1.0429 0.1972 76.7069 467500 12.4159 12.4647 15.2549 66.7369 68.1309 0.0020 0.0303 0.2094 -0.8536 0.0509 -0.0316
WP63-C1-S3 Breccia Cement 0.0 3.7472 2.5463 0.1550 65.8765 467500 12.6230 8.4162 6.1078 56.7902 51.3951 -0.0144 0.1389 0.1193 -0.1910 0.0809 0.0940
WP63-C2-S1 Breccia Cement 0.0 6.0327 1.1883 0.1733 75.3246 467500 12.9670 9.1159 -11.6839 70.9289 73.7317 -0.0053 0.0126 0.2223 1.5039 -0.0510 0.0297
WP63-C2-S2 Breccia Cement 0.0 5.9795 1.5243 0.3203 75.0022 467500 12.7185 20.6311 -23.7870 62.9241 67.2604 -0.0010 0.0567 0.2114 1.7836 -0.0145 0.0680
WP63-C2-S3 Breccia Cement 0.0 5.8340 -1.4734 0.2050 76.2709 467500 10.1127 10.7069 19.7640 58.3729 61.0840 -0.0036 -0.0688 0.1613 4.7341 -0.0515 0.0170
WP63-C3-S1 Breccia Cement 0.0 2.6864 83.9862 3.2950 115.5103 467500 13.4674 29.4357 24.4094 34.2358 34.4551 0.0640 -0.0163 0.2013 31.4575 2.3372 5.2157
WP02-C1-S1 Breccia Cement 132.2 3.2812 -0.0960 1.4795 71.7704 467500 13.7154 14.7387 -0.9718 16.1006 16.7823 0.0298 0.1049 0.1257 2.4284 0.0058 0.0655
WP02-C1-S2 Breccia Cement 132.2 3.4694 29.8061 5.9919 202.0161 467500 14.3515 101.1182 49.0328 26.4717 23.8282 0.1701 -0.0569 0.1389 20.6808 0.6558 0.4548
WP02-C1-S4 Breccia Cement 132.2 3.1688 -3.9417 0.4843 49.2674 467500 14.1439 10.5877 101.4609 13.2841 13.8149 0.0099 0.0221 0.0635 4.0499 0.1829 0.1008
WP02-C1-S5 Breccia Cement 132.2 2.7090 -5.3409 0.1979 38.0065 467500 16.1749 -0.9855 59.6333 13.8634 13.9844 0.0372 -0.0722 0.9819 4.9535 0.1520 0.1206
WP02-C1-S6 Breccia Cement 132.2 2.9858 2.3314 0.5026 52.0271 467500 16.6806 6.7184 96.4206 15.8942 13.9133 -0.0020 -0.2121 3.1682 4.2837 0.1425 0.1060
WP02-C1-S7 Breccia Cement 132.2 3.2866 0.4240 0.9283 78.8666 467500 14.8013 13.1420 -27.4218 16.8988 16.1904 0.0006 -0.0785 0.6045 4.3606 0.1819 0.3209
WP02-C1-S9 Breccia Cement 132.2 3.9601 -1.2531 0.9019 56.6428 467500 12.5793 10.4038 7.2398 14.9523 13.6822 0.0109 0.0114 0.0679 3.9138 0.0727 0.0013
WP02-C1-S10 Breccia Cement 132.2 5.0105 1.7457 1.4355 89.2403 467500 12.6199 19.2437 -1.8697 17.7107 16.3556 -0.0077 0.1605 0.0978 6.9133 0.1431 0.3560
WP02-C1-S11 Breccia Cement 132.2 2.4487 -2.3392 0.3197 39.7972 467500 13.6789 0.5056 -22.0866 19.3029 20.0164 -0.0071 0.0322 0.2805 12.7327 0.2570 0.1720
WP02-C1-S12 Breccia Cement 132.2 2.8253 -4.3039 0.1468 42.8222 467500 13.5512 9.1472 -25.3628 14.1310 15.4040 -0.0087 -0.0601 0.0816 3.9792 0.0603 0.0447




Appendix 6: White Pine 







(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63 Cu65
WP02-C2-S2 Breccia Cement 132.2 2.4948 18.8256 0.2212 75.8806 467500 15.4965 8.9527 31.3924 43.0697 42.1096 0.0099 -0.0527 0.3089 2.7294 0.2595 0.1367
WP02-C2-S3 Breccia Cement 132.2 2.7808 14.7763 0.5099 73.7301 467500 11.3788 14.3686 22.0552 52.6603 52.7745 -0.0028 -0.0577 0.2375 3.5375 0.4177 0.6271
WP02-C2-S4 Breccia Cement 132.2 1.7048 53.6738 0.3763 71.7988 467500 11.0386 11.1739 -21.9244 55.8098 54.8917 0.0054 0.1610 1.1258 2.0577 0.1386 0.0651
WP03-C3-S1 Igneous quartz 1546.4 2.6726 6.1142 0.0642 67.1388 467500 12.1273 2.4768 23.3350 7.1872 7.5905 -0.0035 0.0833 0.0374 0.5019 0.0758 0.0120
WP03-C3-S2 Igneous quartz 1546.4 0.6671 19.3730 0.0488 30.9644 467500 19.9027 2.3351 22.9347 3.9945 3.7155 0.0043 -0.0442 0.0883 0.6258 0.2491 0.3502
WP03-C3-S3 Igneous quartz 1546.4 4.7576 20.0959 0.1480 103.6295 467500 16.6096 4.7362 -38.7484 10.2717 8.6309 0.0141 -0.0024 0.0745 0.3130 0.2103 0.1888
WP03-C3-S4 Igneous quartz 1546.4 2.8655 10.5370 0.0806 82.0180 467500 20.0798 1.3528 29.4679 7.1410 6.6210 -0.0336 -0.0580 0.0902 0.4773 0.0508 0.0238
WP03-C3-S5 Igneous quartz 1546.4 2.5460 5.9483 0.0710 62.2635 467500 17.5323 1.2592 -38.7012 6.9168 7.2966 -0.0002 0.0083 0.0769 -0.3194 0.0008 0.0030
WP13-C1-S1 Igneous quartz 1553.6 4.3468 -0.3169 0.1042 47.5364 467500 20.9295 -0.5813 -18.3012 57.0961 56.9888 -0.0067 0.1287 0.0305 0.0782 0.0453 0.0899
WP13-C1-S2 Igneous quartz 1553.6 4.4180 6.3130 5.1336 127.8599 467500 20.9437 16.7344 121.9350 39.9641 41.8713 0.0961 0.0941 0.4031 13.0654 -0.0191 0.1964
WP13-C1-S3 Igneous quartz 1553.6 5.8140 -1.5812 0.0374 45.7100 467500 21.3856 0.0840 -50.7985 46.8298 47.3357 0.0091 0.0241 0.0340 -0.1078 -0.0480 0.0501
WP13-C1-S4 Igneous quartz 1553.6 4.5142 2.7619 0.2448 110.3730 467500 21.4067 17.4276 -55.6093 46.2038 46.1523 0.0098 0.0461 0.2636 5.5385 -0.0026 0.0121
WP22-C2-S1 Igneous quartz 2588.2 1.3889 -0.9048 0.0049 38.2289 467500 18.7177 0.1614 15.5126 1.9998 2.2049 0.0240 -0.1607 0.0901 -0.1145 -0.0313 -0.0892
WP22-C2-S2 Igneous quartz 2588.2 0.9747 -7.6154 0.0330 22.5518 467500 23.3278 -1.4832 -4.8097 1.4955 0.9437 0.0094 -0.2203 0.0609 2.3815 0.2394 0.0930
WP22-C2-S3 Igneous quartz 2588.2 1.8342 -5.3021 0.0027 25.4514 467500 17.7446 -0.1225 31.1852 1.0682 0.9079 -0.0128 0.0084 0.0374 2.6340 0.0571 0.0990
WP22-C2-S4 Igneous quartz 2588.2 2.1115 -4.3907 0.0041 40.9592 467500 16.4660 -0.4506 -14.2661 1.3858 1.4920 0.0077 0.1506 -0.0019 2.2194 0.0558 -0.0230
WP22-C2-S5 Igneous quartz 2588.2 0.8067 -0.9838 -0.0101 24.7336 467500 20.8950 -0.1386 13.0457 1.1360 1.5195 -0.0031 -0.0382 0.0917 7.6530 0.2090 0.1202
WP06-C1-S1 Igneous quartz 1429.0 2.2762 58.1517 0.5912 52.7902 467500 13.6120 13.5974 23.2821 37.7174 38.1368 0.0082 0.0753 0.5406 41.9217 0.6217 0.6599
WP06-C1-S2 Igneous quartz 1429.0 2.2047 28.3746 0.2279 44.5988 467500 12.8782 9.6984 27.0424 6.4278 5.0649 0.0073 -0.0401 0.0906 2.1053 0.6233 0.6880
WP06-C1-S3 Igneous quartz 1429.0 1.6881 5.5000 0.0786 23.3699 467500 11.0874 2.0834 28.8122 4.9928 4.5498 -0.0032 -0.0126 0.0147 -0.1204 0.1170 0.1455
WP06-C1-S4 Igneous quartz 1429.0 1.2492 11.1142 0.0371 20.5793 467500 12.5854 2.3148 -4.5329 5.1623 5.1087 0.0036 0.0254 0.0520 -0.5472 0.3147 0.4051
WP64-C4-S1 Igneous quartz 704.8 3.2319 0.4662 0.0872 50.3350 467500 28.9138 2.6416 -126.9638 14.8205 20.7657 0.0055 -0.0222 0.0784 12.6619 0.3806 0.2264
WP64-C4-S2 Igneous quartz 704.8 3.5704 3.9397 0.4618 61.0831 467500 17.6923 10.8398 44.4995 15.4562 15.6856 0.0016 0.0449 0.1852 1.0141 0.2916 0.3202
WP64-C4-S3 Igneous quartz 704.8 2.5598 3.2138 0.1684 49.3904 467500 19.8064 4.4207 -32.5150 14.1225 13.2167 -0.0006 0.0524 0.0758 8.5382 0.2142 0.2353
WP64-C4-S3 Igneous quartz 704.8 4.0183 -2.1091 0.2874 59.0114 467500 19.1968 1.4937 69.7917 13.2552 12.8618 -0.0048 -0.0235 0.0550 1.3831 0.0579 0.1572
WP52-C1-S1 Igneous quartz 785.5 0.8428 14.7410 0.1282 46.6599 467500 8.5478 5.0213 -44.5556 58.0675 58.5171 -0.0067 0.0568 0.0733 2.0061 0.4651 0.5891
WP52-C1-S2 Igneous quartz 785.5 1.1686 -1.2902 0.1775 73.8111 467500 13.6950 8.8559 24.0003 57.5048 60.1756 -0.0006 0.2696 0.3709 -0.1489 0.2279 0.1827
WP52-C1-S3 Igneous quartz 785.5 0.0536 9.8745 2.5145 61.2609 467500 30.5795 15.8417 12.8294 36.6180 37.2811 0.0451 -0.0616 0.2653 582.3826 5.3185 5.6901
WP52-C2-S1 Igneous quartz 785.5 0.3368 7.5361 0.0236 36.4894 467500 7.2470 2.3305 7.3302 6.1264 6.3104 0.0198 0.4872 0.0387 25.3805 0.0740 0.2015
WP52-C2-S2 Igneous quartz 785.5 0.4410 28.0084 0.0889 34.6000 467500 12.8387 4.1018 40.3785 7.3632 7.0582 0.0089 0.0242 0.0681 0.4044 0.1355 0.1601
WP52-C2-S3 Igneous quartz 785.5 0.9446 34.2484 0.8554 73.8889 467500 12.7578 7.9325 43.6466 8.8325 8.2638 -0.0208 0.2661 0.2317 8.0855 0.1178 0.1512
WP52-C2-S4 Igneous quartz 785.5 0.5794 24.2961 0.3844 55.1935 467500 10.7797 10.6618 -12.4487 7.7356 8.6331 0.0207 -0.0712 0.2135 3.8449 0.0998 0.2119
WP65-C1-S1 Igneous quartz 609.4 3.0265 0.3191 0.2604 32.7861 467500 7.8594 -0.4096 -44.6427 7.1509 8.9091 -0.0173 -0.0815 0.0626 3.0634 0.7057 0.6809
WP65-C1-S3 Igneous quartz 609.4 5.5457 -0.9173 0.1832 46.3475 467500 14.5102 0.7530 -1.4210 7.5626 8.0186 -0.0085 0.0540 0.0211 2.6922 0.0243 0.0260
WP65-C1-S4 Igneous quartz 609.4 4.1056 -0.7305 0.0698 36.0657 467500 10.8934 2.0691 -27.6616 8.2189 9.3212 0.0101 0.1086 -0.0142 4.8550 -0.0087 0.0780
WP23-C1-S1 Igneous quartz 1688.3 8.1242 0.7822 0.1482 52.8113 467500 16.5694 0.2949 3.4253 55.3356 55.9340 0.0027 0.0427 0.1004 0.2782 0.0529 0.0790
WP23-C1-S2 Igneous quartz 1688.3 8.4061 6.7311 0.3553 97.0008 467500 20.1119 12.9860 10.6138 81.7040 81.4327 0.1410 0.2777 0.2094 297.8386 0.2233 0.0775
WP23-C1-S3 Igneous quartz 1688.3 6.1709 2.7400 0.1110 51.2952 467500 14.4406 0.4373 -4.8251 39.6648 37.9745 0.2125 -0.1077 0.0766 6.6319 0.0961 0.3631
WP23-C1-S4 Igneous quartz 1688.3 7.7270 2.6699 0.3786 88.9013 467500 16.1379 6.5161 -33.7374 76.8804 77.0651 0.0337 0.0901 0.1625 31.7881 0.0815 0.1734
WP23-C2-S1 Igneous quartz 1688.3 8.1669 -1.0499 1.0026 85.2388 467500 12.9378 7.8763 -1.4295 49.1174 48.3913 0.0044 -0.0732 0.2174 1.5621 -0.0043 -0.0086
WP23-C2-S2 Igneous quartz 1688.3 8.4100 -2.3494 0.1773 70.0056 467500 10.7393 0.8722 44.8501 51.5062 54.2600 0.0070 -0.1304 0.1385 0.6058 0.0288 0.0080
WP23-C2-S3 Igneous quartz 1688.3 7.5747 0.4782 0.2219 81.4805 467500 11.7135 2.0785 -3.8278 60.3309 58.5071 -0.0016 0.0423 0.1582 1.2640 -0.0125 0.0726
WP23-C2-S4 Igneous quartz 1688.3 5.5054 0.6988 0.6217 76.0493 467500 14.5902 4.1139 81.2517 50.4809 50.0517 0.0114 0.0686 0.2236 1.0535 -0.0307 0.0805
WP07-C4-S1 Igneous quartz 1360.2 3.4029 4.3174 0.0133 56.1449 467500 24.1949 11.0204 -26.5461 32.1676 31.4928 -0.0141 -0.0586 0.2215 6.3154 0.0633 0.1540
WP07-C4-S2 Igneous quartz 1360.2 5.3353 15.7788 0.2722 60.9290 467500 15.1347 7.1541 77.0729 43.9661 45.2983 0.0058 -0.0032 0.0708 0.9842 0.0198 0.0060
WP07-C4-S3 Igneous quartz 1360.2 5.0449 2.8825 0.2164 52.3197 467500 18.1907 3.8552 18.0549 48.5470 49.7006 0.0044 -0.0520 0.0853 4.8283 0.1556 0.1787




Appendix 6: White Pine 








WP46-C1-S1 Vein Quartz 372.6
WP46-C1-S2 Vein Quartz 372.6
WP46-C1-S3 Vein Quartz 372.6
WP46-C1-S4 Vein Quartz 372.6
WP46-C1-S5 Vein Quartz 372.6
WP46-C1-S6 Vein Quartz 372.6
WP46-C1-S7 Vein Quartz 372.6
WP46-C1-S8 Vein Quartz 372.6
WP46-C1-S9 Vein Quartz 372.6
WP46-C1-S10 Vein Quartz 372.6
WP46-C1-S11 Vein Quartz 372.6
WP46-C1-S12 Vein Quartz 372.6
WP46-C1-S13 Vein Quartz 372.6
WP46-C1-S14 Vein Quartz 372.6
WP46-C1-S15 Vein Quartz 372.6
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C1-S5 Vein Quartz 1546.4
WP03-C2-S1 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C2-S5 Vein Quartz 1546.4
WP13-C3-S1 Vein Quartz 1553.6
WP13-C3-S2 Vein Quartz 1553.6
WP13-C3-S3 Vein Quartz 1553.6
WP13-C3-S4 Vein Quartz 1553.6
WP13-C5-S1 Vein Quartz 1553.6
WP13-C5-S2 Vein Quartz 1553.6
WP13-C5-S3 Vein Quartz 1553.6
WP13-C5-S4 Vein Quartz 1553.6
WP22-C4-S1 Vein Quartz 2588.2
WP22-C4-S2 Vein Quartz 2588.2
WP22-C4-S3 Vein Quartz 2588.2
WP22-C4-S4 Vein Quartz 2588.2
WP22-C4-S5 Vein Quartz 2588.2
WP06-C2-S1 Vein Quartz 1429.0
WP06-C2-S2 Vein Quartz 1429.0
WP06-C2-S3 Vein Quartz 1429.0
WP06-C2-S4 Vein Quartz 1429.0
WP06-C3-S2 Vein Quartz 1429.0
WP06-C3-S3 Vein Quartz 1429.0
WP06-C3-S4 Vein Quartz 1429.0
WP53-C1-S1 Vein Quartz 548.8
WP53-C1-S2 Vein Quartz 548.8
Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178 Ta181 Au197** Pb208 Bi209 U238
-0.0481 1.1059 4.2962 0.0104 0.4879 0.0083 -0.0255 0.0947 0.0115 -0.0129 -0.0054 -0.0009 -0.0054 0.1456 -0.0055 0.0141
0.1742 0.8387 4.7901 0.0150 0.0842 0.0059 0.0000 -0.0170 0.0034 0.0059 0.0055 0.0001 0.0013 0.0108 -0.0021 0.0001
-0.0016 0.8248 3.8286 0.0298 0.0572 0.0027 -0.0098 0.0044 0.0074 0.0045 -0.0001 0.0000 -0.0034 0.0156 -0.0001 0.0004
-0.0265 1.0354 3.5851 0.0995 0.1524 -0.0067 0.0065 -0.0082 0.0053 0.0022 0.0048 0.0007 -0.0061 0.0918 0.0039 0.0051
0.2825 0.9334 3.7571 0.0523 0.1701 0.0184 0.0415 0.0236 0.0070 0.0151 0.0042 -0.0003 -0.0015 0.0313 0.0022 0.0069
0.0890 0.8666 3.9412 0.0157 0.0738 0.0075 -0.0009 -0.0042 0.0000 -0.0014 0.0014 -0.0015 -0.0090 0.0184 -0.0022 0.0007
0.1072 0.9241 3.7082 0.0366 0.2135 -0.0002 0.1769 0.1190 0.0069 0.0005 -0.0008 -0.0012 0.0098 0.7548 0.0086 0.0031
0.0183 0.7670 2.9844 0.0758 0.4334 0.0107 0.0457 0.0429 0.0066 -0.0091 -0.0044 0.0010 0.0152 0.1618 0.0071 0.0220
0.0973 0.9440 3.6527 0.0098 0.2100 0.0017 0.0587 0.0644 0.0107 -0.0022 -0.0022 0.0013 0.0051 0.1556 0.0059 0.0038
0.0215 0.8079 3.6800 0.0602 0.2357 -0.0019 0.0297 0.0072 0.0133 0.0042 0.0047 0.0007 0.0035 0.2414 0.0041 -0.0005
-0.0544 0.8486 4.1394 0.0106 0.0921 0.0018 0.0113 0.0212 0.0055 -0.0046 -0.0029 -0.0004 -0.0013 0.0650 0.0023 0.0017
0.0158 0.7932 4.1962 0.0042 0.0361 0.0030 -0.0048 -0.0094 0.0062 0.0010 0.0005 0.0002 -0.0118 -0.0018 0.0074 0.0041
0.0971 0.7712 3.8468 0.0040 0.0504 -0.0057 -0.0016 0.0009 0.0026 -0.0007 0.0033 -0.0009 -0.0045 0.0016 -0.0013 -0.0016
-0.0267 0.7750 3.6176 0.0237 0.1254 0.0024 -0.0144 0.0727 0.0023 -0.0142 -0.0028 -0.0010 0.0009 0.1379 0.0025 0.0072
0.0723 0.8055 4.9891 0.0052 0.0948 0.0009 0.0065 0.0010 0.0039 0.0047 0.0051 0.0003 -0.0013 0.0243 -0.0004 -0.0001
-0.0300 2.8563 7.6945 0.0284 0.0625 0.0108 -0.0026 0.0082 0.0172 0.0014 0.0049 -0.0007 -0.0006 0.0189 0.0676 -0.0007
0.0956 3.3270 6.5674 0.1672 0.1374 -0.0053 0.0062 0.0573 0.0436 0.0020 -0.0031 0.0019 0.0014 0.0607 0.0546 0.0073
0.2697 3.0439 7.9568 0.0739 0.1693 0.0091 0.0048 0.0577 0.0328 0.0156 -0.0021 0.0025 0.0054 0.6947 0.7496 0.0039
0.1394 2.9819 8.1668 0.0554 0.0963 0.0010 0.0067 0.0312 0.0167 -0.0044 0.0008 0.0002 0.0027 0.3129 0.2560 0.0063
0.0707 2.5138 8.7187 0.0201 0.0721 0.0003 0.0002 0.0183 0.0170 -0.0066 -0.0008 0.0004 0.0076 0.1708 0.3257 0.0013
0.0503 3.1908 7.9911 0.0280 0.0342 0.0001 0.0063 0.4563 0.0116 -0.0084 0.0017 0.0006 0.0007 0.0572 0.0850 0.0058
0.0809 2.8841 8.1478 0.0064 0.0794 -0.0007 -0.0003 -0.0046 0.0074 -0.0056 0.0044 0.0005 0.0038 0.0265 0.0176 -0.0001
-0.0221 2.9183 8.7434 0.0077 0.0077 0.0020 -0.0062 -0.0008 0.0081 -0.0063 0.0003 -0.0001 -0.0039 0.0431 0.0403 0.0006
-0.0380 3.3413 8.6894 0.0131 0.0016 0.0019 0.0021 0.0134 0.0328 -0.0078 -0.0018 -0.0003 0.0009 0.1937 0.0854 0.0002
0.0672 3.4022 6.9338 0.0071 0.0231 -0.0002 -0.0011 0.0277 0.0078 -0.0091 0.0003 0.0015 0.0113 0.0476 0.3004 0.0025
-0.0270 1.0590 0.0611 -0.0051 0.0101 0.0024 0.0183 0.0220 0.0000 -0.0006 0.0001 -0.0003 0.0024 -0.0006 -0.0011 -0.0006
0.0298 1.1248 0.0300 -0.0012 0.0074 -0.0033 -0.0026 0.0121 0.0000 0.0054 -0.0005 0.0003 -0.0018 -0.0028 0.0010 -0.0008
-0.0924 1.0168 0.0570 0.0051 0.0137 -0.0079 0.0216 -0.0168 0.0023 -0.0021 0.0002 0.0010 -0.0013 0.0212 0.0012 0.0004
0.0075 1.2318 0.0722 0.0365 0.0523 0.0010 0.0275 0.0392 0.0184 0.0008 -0.0006 -0.0001 0.0075 0.0150 0.0024 -0.0004
0.0863 1.2021 0.0676 0.0281 0.0733 0.0019 -0.0044 -0.0240 0.0033 -0.0009 -0.0024 -0.0016 -0.0019 0.0498 0.0009 0.0014
-0.0187 1.2537 -0.0071 0.0212 0.3221 0.0065 -0.0045 0.0672 0.0028 0.0064 0.0012 0.0014 0.0081 0.0001 0.0016 0.0023
0.0777 1.2674 0.1123 0.0053 0.0524 0.0110 0.0066 -0.0030 0.0125 -0.0021 0.0021 -0.0017 0.0029 0.0295 0.0013 0.0019
0.1165 1.2984 -0.0073 0.0082 0.0460 -0.0013 0.0038 0.0054 0.0026 0.0004 0.0018 0.0002 -0.0022 0.0159 0.0039 0.0009
0.0301 1.2058 0.1169 -0.0030 0.0126 0.0005 0.0102 0.0096 0.0009 0.0068 -0.0012 -0.0013 0.0093 -0.0022 -0.0020 -0.0020
-0.0162 1.4757 0.1396 0.0073 0.0134 -0.0075 0.0067 0.0179 -0.0040 0.0007 0.0050 -0.0002 0.0036 0.0867 0.0037 -0.0005
0.2390 1.4497 0.1244 0.0546 0.0500 -0.0050 -0.0031 0.0126 0.0145 0.0096 -0.0007 0.0004 -0.0010 0.1458 -0.0025 0.0005
0.1600 1.6957 0.0791 0.0127 0.0292 -0.0023 0.0194 0.2036 0.0063 -0.0046 0.0015 -0.0001 -0.0021 0.1892 0.0039 0.0015
0.1336 1.4454 0.2781 0.1000 0.1339 -0.0018 0.0149 0.1087 0.0196 -0.0056 0.0087 -0.0017 -0.0002 0.2487 -0.0002 0.0107
0.0539 0.4279 -0.0039 0.0402 0.0870 -0.0032 0.0063 -0.0025 0.0160 0.0056 -0.0033 0.0005 0.0117 0.0249 0.0013 -0.0003
0.0931 0.4585 0.0873 0.0237 0.1346 -0.0015 -0.0033 0.0143 0.0032 -0.0095 0.0033 -0.0002 0.0001 0.0230 -0.0005 -0.0004
0.0888 0.4111 0.1055 0.0273 0.1040 0.0026 0.0229 0.0180 0.0069 0.0034 0.0023 0.0003 -0.0019 0.0500 0.0028 -0.0001
0.0582 0.4674 0.0344 0.0226 0.0773 0.0016 -0.0100 -0.0076 0.0080 -0.0016 -0.0014 0.0018 0.0001 0.0135 0.0045 -0.0001
0.2195 0.6024 0.2337 0.2470 0.8954 -0.0030 0.0131 -0.0230 0.1783 -0.0059 0.0025 0.0026 0.0190 0.0261 0.0020 0.0019
0.1795 0.4264 0.1100 0.0415 0.0924 -0.0011 -0.0180 0.0149 0.0059 0.0085 0.0060 -0.0010 -0.0027 0.0649 0.0033 0.0101
0.1015 0.5452 0.1184 0.0115 0.2350 0.0059 -0.0033 -0.0110 0.0042 0.0049 0.0018 0.0018 -0.0081 0.0706 -0.0018 0.0028
0.0121 1.0448 0.1797 0.0909 0.0252 0.0019 0.0073 0.0415 0.0408 -0.0138 -0.0032 0.0033 -0.0024 0.0092 -0.0025 0.0011




Appendix 6: White Pine 








WP53-C1-S3 Vein Quartz 548.8
WP53-C1-S4 Vein Quartz 548.8
WP53-C1-S5 Vein Quartz 548.8
WP53-C2-S1 Vein Quartz 548.8
WP53-C2-S2 Vein Quartz 548.8
WP53-C2-S3 Vein Quartz 548.8
WP53-C2-S4 Vein Quartz 548.8
WP53-C2-S5 Vein Quartz 548.8
WP05-C1-S1 Vein Quartz 1429.0
WP05-C1-S2 Vein Quartz 1429.0
WP05-C1-S3 Vein Quartz 1429.0
WP05-C1-S4 Vein Quartz 1429.0
WP05-C2-S1 Vein Quartz 1429.0
WP05-C2-S2 Vein Quartz 1429.0
WP05-C2-S3 Vein Quartz 1429.0
WP05-C2-S4 Vein Quartz 1429.0
WP05-C2-S5 Vein Quartz 1429.0
WP05-C3-S1 Vein Quartz 1429.0
WP05-C3-S2 Vein Quartz 1429.0
WP05-C3-S3 Vein Quartz 1429.0
WP05-C3-S4 Vein Quartz 1429.0
WP64-C1-S1 Vein Quartz 704.8
WP64-C1-S2 Vein Quartz 704.8
WP64-C1-S3 Vein Quartz 704.8
WP64-C1-S4 Vein Quartz 704.8
WP64-C2-S1 Vein Quartz 704.8
WP64-C2-S2 Vein Quartz 704.8
WP64-C2-S4 Vein Quartz 704.8
WP64-C3-S1 Vein Quartz 704.8
WP64-C3-S2 Vein Quartz 704.8
WP64-C3-S3 Vein Quartz 704.8
WP52-C3-S1 Vein Quartz 785.5
WP52-C3-S2 Vein Quartz 785.5
WP52-C3-S3 Vein Quartz 785.5
WP52-C3-S4 Vein Quartz 785.5
WP65-C2-S3 Vein Quartz 609.4
WP65-C2-S4 Vein Quartz 609.4
WP65-C3-S1 Vein Quartz 609.4
WP65-C3-S2 Vein Quartz 609.4
WP65-C3-S3 Vein Quartz 609.4
WP65-C3-S4 Vein Quartz 609.4
WP65-C4-S1 Vein Quartz 609.4
WP65-C4-S2 Vein Quartz 609.4
WP65-C4-S3 Vein Quartz 609.4
WP65-C4-S4 Vein Quartz 609.4
WP23-C5-S2 Vein Quartz 1688.3
WP07-C1-S3 Vein Quartz 1360.2
Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178 Ta181 Au197** Pb208 Bi209 U238
0.0172 0.8972 0.1186 0.0574 0.0212 0.0063 -0.0117 0.0250 0.0101 0.0007 0.0017 -0.0003 0.0068 0.0067 0.0014 0.0004
-0.0262 0.9862 0.1485 0.0907 0.0275 0.0055 -0.0077 0.0396 0.0125 0.0069 0.0041 0.0001 0.0094 0.0055 0.0005 -0.0014
0.0975 1.0283 0.1986 0.0236 0.0283 0.0031 0.0187 -0.0091 0.0152 -0.0005 -0.0049 -0.0005 0.0099 0.0544 -0.0027 0.0021
0.2103 1.2004 0.2084 0.0319 0.1059 0.0076 0.0258 0.0119 0.0165 0.0034 -0.0023 0.0001 0.0033 0.8202 0.0278 0.1013
0.0019 1.2311 0.1548 0.0161 0.0617 0.0056 0.0066 0.0009 0.0237 -0.0017 -0.0044 0.0022 0.0012 0.0344 0.0041 0.0206
0.0347 1.4766 0.2266 0.2263 0.1294 0.0855 -0.0027 0.0010 0.0875 -0.0033 0.0104 0.0019 0.0028 0.0255 0.0043 0.0154
0.0039 1.0170 0.1215 0.0756 0.0225 0.0134 -0.0020 0.0254 0.0211 0.0062 0.0065 0.0002 0.0117 0.0228 0.0002 0.0059
-0.0453 1.0659 0.1910 0.0794 0.1119 0.0102 0.0394 0.0050 0.0271 -0.0009 -0.0023 0.0002 -0.0049 0.4856 0.0094 0.0445
0.1135 0.3331 0.1382 0.0295 0.0830 -0.0013 -0.0330 0.0361 0.0049 0.0017 -0.0029 0.0007 -0.0067 0.0317 -0.0074 0.0044
0.1417 0.5861 0.1803 0.0303 0.2536 0.0040 -0.0169 0.0388 0.0144 -0.0019 0.0016 -0.0012 -0.0046 0.0701 -0.0017 0.0022
0.0907 0.5406 0.0118 0.0035 0.0476 -0.0019 -0.0357 -0.0068 0.0033 0.0034 0.0055 0.0007 0.0001 0.0005 0.0034 0.0007
-0.0019 0.5433 0.1735 -0.0076 0.0305 0.0100 0.0003 -0.0010 0.0015 0.0035 0.0019 0.0019 0.0112 0.0031 -0.0040 -0.0025
0.0123 0.7871 -0.0374 0.0237 0.0439 -0.0025 -0.0002 -0.0028 0.0052 -0.0094 -0.0031 0.0006 0.0071 0.0276 0.0023 -0.0004
0.1006 1.7672 0.0684 0.0257 0.2532 0.0080 0.0500 0.0027 0.0032 -0.0156 -0.0017 0.0007 0.0287 0.0220 -0.0007 0.0013
-0.1132 0.8762 0.1219 0.0124 0.0352 -0.0051 -0.0261 0.0115 0.0028 -0.0021 -0.0083 0.0019 0.0011 0.0194 -0.0015 -0.0006
0.0724 0.8504 0.2007 0.0238 0.0290 0.0023 -0.0010 0.0049 0.0055 0.0045 -0.0003 -0.0009 -0.0021 0.0144 -0.0084 0.0004
0.0383 0.5445 0.0621 0.0359 0.0659 0.0002 -0.0036 0.0139 0.0056 0.0203 -0.0046 -0.0022 0.0139 0.0090 0.0060 -0.0002
0.0555 2.5214 0.3137 0.0710 0.3674 0.0000 0.0038 0.0658 0.0516 0.0055 0.0061 -0.0015 0.0134 0.0463 0.0225 -0.0007
0.0419 2.5806 0.1048 0.0127 0.1036 0.0012 0.0068 0.1138 0.0036 0.0017 0.0037 -0.0022 -0.0039 0.0204 0.0070 -0.0010
0.1248 1.5042 0.1734 0.0117 0.0485 0.0087 -0.0089 -0.0225 0.0125 -0.0090 -0.0027 -0.0018 0.0065 0.0196 -0.0021 0.0034
0.0033 1.7332 0.1986 0.0499 0.1390 -0.0040 0.0077 0.0248 0.0150 -0.0020 0.0019 0.0005 -0.0016 0.0393 -0.0034 0.0001
0.0381 1.2681 0.0962 0.0134 0.0553 0.0005 0.6442 0.0372 0.0057 -0.0034 0.0005 0.0018 -0.0077 0.3162 0.0030 -0.0001
-0.0796 1.1286 0.1488 0.0290 0.0075 0.0003 -0.0066 0.0504 0.0031 0.0064 -0.0057 0.0003 0.0011 0.0172 -0.0027 0.0012
0.0761 1.3354 0.0115 0.0436 0.0259 -0.0041 0.0093 -0.0677 0.0214 -0.0092 0.0010 -0.0013 0.0108 0.0898 0.0045 0.0012
0.0172 1.2717 0.0856 0.1159 0.0308 -0.0023 0.0050 0.0384 0.0081 0.0051 0.0035 0.0006 -0.0041 0.0358 -0.0057 -0.0011
0.5620 1.5334 0.2715 0.3577 0.0723 -0.0017 -0.0094 0.0084 0.0181 0.0168 -0.0024 0.0003 0.0021 0.1850 0.0252 0.0080
0.2111 2.0400 0.3060 0.4464 0.0567 0.0053 0.0384 0.0583 0.0076 -0.0055 0.0035 0.0007 0.0067 0.0488 0.0028 0.0074
0.2390 1.9597 0.1296 0.2678 0.0570 -0.0049 0.0109 0.0828 0.0231 0.0036 0.0033 0.0017 0.0040 0.5791 0.0004 0.0005
-0.0630 1.0966 0.2761 0.0038 0.0029 0.0060 0.0135 -0.0121 0.0018 0.0004 -0.0053 0.0047 -0.0098 0.0087 0.0011 0.0011
0.0638 1.7742 0.0960 0.1552 0.0523 0.0072 0.0051 -0.0092 0.0390 -0.0079 0.0018 0.0014 0.0066 0.1024 -0.0019 0.0005
0.5021 1.3732 0.1565 0.0227 0.0475 -0.0026 0.0029 0.0428 0.0147 0.0200 -0.0037 -0.0002 -0.0037 0.5944 0.0256 0.0099
0.3560 0.4670 0.0313 0.0726 0.2622 0.0167 0.0150 0.0130 0.0137 -0.0226 0.0024 -0.0002 0.0082 0.0223 0.0036 0.0052
0.1769 0.5294 0.0746 0.0179 0.0934 -0.0046 0.0265 -0.0061 0.0062 -0.0059 -0.0030 -0.0001 0.0103 0.0092 0.0012 0.0001
0.0205 0.5017 0.1482 0.0211 0.4811 0.0088 0.0047 0.0467 0.0081 0.0039 0.0019 -0.0004 0.0028 0.1793 0.0080 -0.0016
0.1078 0.4812 0.0408 0.0279 0.1248 -0.0026 0.0120 -0.0008 0.0057 0.0048 0.0019 0.0013 -0.0052 0.0252 -0.0056 0.0025
0.0700 1.2731 0.0199 0.4167 0.3516 -0.0012 -0.0184 -0.0270 0.0099 -0.0086 0.0028 0.0039 -0.0034 0.0747 0.0040 -0.0003
0.0556 0.9937 -0.0523 0.0401 0.0561 -0.0022 -0.0044 0.0169 0.0123 -0.0079 -0.0001 0.0011 -0.0054 0.0035 0.0005 0.0019
0.1311 0.9605 0.0752 0.0351 0.1564 -0.0004 -0.0001 0.0008 0.0132 0.0068 0.0040 0.0001 -0.0014 0.0054 0.0008 0.0015
0.2615 0.9233 0.0565 0.0415 0.1194 0.0005 0.0068 0.4268 0.0089 -0.0023 0.0047 0.0003 0.0027 0.4222 0.0120 0.0002
0.1807 0.9655 -0.0252 0.0245 0.1313 -0.0012 -0.0149 -0.0110 0.0125 -0.0010 0.0042 0.0011 -0.0061 0.0157 0.0050 0.0023
0.1654 0.9164 0.0405 0.0956 0.2329 -0.0031 -0.0053 0.0053 0.0254 0.0019 0.0033 0.0003 0.0079 0.0047 -0.0012 0.0001
0.0938 0.8881 -0.0189 0.0206 0.1601 -0.0043 0.0088 0.0173 0.0089 0.0150 0.0060 0.0005 0.0024 0.0878 0.0063 0.0085
0.0089 0.9316 0.0021 0.0125 0.0173 0.0029 0.0108 -0.0039 0.0033 0.0040 0.0035 -0.0016 0.0076 -0.0048 -0.0020 0.0024
0.0359 0.9886 -0.0041 -0.0005 0.0189 -0.0039 0.0151 0.0053 0.0131 0.0028 0.0014 0.0002 -0.0025 0.0003 -0.0003 0.0016
0.1520 1.2251 -0.0072 0.0326 0.0546 -0.0030 0.0326 0.0533 0.0055 -0.0060 0.0055 -0.0007 -0.0067 0.4365 0.0153 0.0011
0.4833 1.0675 1.5042 0.1899 0.2720 0.0056 -0.0126 0.0145 0.0316 -0.0007 -0.0013 0.0004 -0.0053 0.0462 0.0055 0.0004




Appendix 6: White Pine 








WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP07-C4-S1 Vein Quartz 1360.2
WP07-C4-S2 Vein Quartz 1360.2
WP07-C4-S3 Vein Quartz 1360.2
WP07-C4-S4 Vein Quartz 1360.2
WP07-C1-S1 Vein Quartz 1360.2
WP07-C1-S3 Vein Quartz 1360.2
WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C3-S1 Vein Quartz 1546.4
WP03-C3-S2 Vein Quartz 1546.4
WP03-C3-S3 Vein Quartz 1546.4
WP03-C3-S4 Vein Quartz 1546.4
WP03-C4-S1 Vein Quartz 1546.4
WP03-C4-S2 Vein Quartz 1546.4
WP03-C4-S3 Vein Quartz 1546.4
WP03-C4-S4 Vein Quartz 1546.4
WP63-C1-S1 Breccia Cement 0.0
WP63-C1-S2 Breccia Cement 0.0
WP63-C1-S3 Breccia Cement 0.0
WP63-C2-S1 Breccia Cement 0.0
WP63-C2-S2 Breccia Cement 0.0
WP63-C2-S3 Breccia Cement 0.0
WP63-C3-S1 Breccia Cement 0.0
WP02-C1-S1 Breccia Cement 132.2
WP02-C1-S2 Breccia Cement 132.2
WP02-C1-S4 Breccia Cement 132.2
WP02-C1-S5 Breccia Cement 132.2
WP02-C1-S6 Breccia Cement 132.2
WP02-C1-S7 Breccia Cement 132.2
WP02-C1-S9 Breccia Cement 132.2
WP02-C1-S10 Breccia Cement 132.2
WP02-C1-S11 Breccia Cement 132.2
WP02-C1-S12 Breccia Cement 132.2
WP02-C2-S1 Breccia Cement 132.2
Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178 Ta181 Au197** Pb208 Bi209 U238
0.1036 1.0885 6.6033 0.0245 0.3292 0.1449 0.0075 0.0983 0.0049 -0.0046 0.0003 -0.0021 0.0026 0.1140 0.0138 0.0078
0.0733 0.4246 9.0787 0.0254 0.0170 0.0048 0.0011 0.0113 0.0017 -0.0017 -0.0046 0.0001 -0.0003 0.0136 0.0005 -0.0012
0.0535 0.4367 8.0818 0.0259 0.0116 0.0071 -0.0043 0.0284 0.0027 -0.0025 0.0018 0.0009 -0.0003 0.0018 0.0028 0.0088
0.1309 0.4620 9.3265 0.1315 0.1449 0.0094 0.0501 0.0458 0.0435 -0.0048 0.0026 0.0019 -0.0056 0.0746 -0.0049 0.0072
0.0079 0.3967 6.8910 0.0466 0.0065 0.0030 0.0005 0.0057 0.0072 0.0121 -0.0007 -0.0018 -0.0070 0.0157 -0.0002 -0.0020
0.1117 0.5056 7.3281 0.0483 0.0089 0.0026 0.0008 0.0538 0.0101 -0.0038 -0.0024 -0.0004 0.0047 0.0074 0.0001 0.0001
0.0336 0.3798 6.0110 0.0387 0.0144 0.0040 -0.0093 -0.0066 0.0009 -0.0080 0.0097 0.0017 0.0015 0.0191 -0.0023 0.0003
0.0628 0.5162 7.1562 0.0344 0.0039 -0.0014 0.0060 0.0208 -0.0004 0.0033 -0.0002 -0.0011 -0.0042 0.0084 -0.0006 -0.0005
0.2035 0.8788 6.6846 0.0148 1.2131 0.0703 0.0267 0.4806 0.0144 -0.0009 -0.0083 0.0013 0.0120 0.2399 2.3292 0.1224
0.1823 0.9446 6.9261 0.0385 0.7287 0.1495 0.0437 0.1128 0.0173 -0.0220 0.0006 0.0022 0.0041 0.1543 0.0126 0.0077
0.1820 1.1157 7.0510 0.0260 0.2748 0.1348 0.0099 0.1037 0.0046 -0.0073 0.0026 -0.0016 0.0042 0.1210 0.0186 0.0054
0.0674 0.4089 9.6721 0.0306 0.0176 0.0063 0.0025 0.0135 -0.0005 0.0079 -0.0062 0.0006 0.0051 0.0084 0.0019 -0.0009
-0.0067 0.3839 8.0667 0.0385 0.0142 0.0028 0.0013 0.0126 0.0046 -0.0083 -0.0018 -0.0002 -0.0049 0.0043 0.0021 0.0060
0.0948 0.4313 9.7760 0.0476 0.0321 0.0154 -0.0032 0.0043 0.0220 0.0034 -0.0016 -0.0003 -0.0070 0.0147 -0.0025 0.0012
-0.0450 0.9047 8.2500 0.0123 0.1650 -0.0017 0.0146 0.0154 0.0117 0.0317 -0.0013 0.0001 -0.0041 0.1280 0.0010 0.0068
0.1093 0.5299 9.0647 0.0091 0.2452 -0.0006 -0.0080 0.0008 0.0111 0.0004 -0.0004 -0.0014 -0.0050 0.0044 0.0002 0.0004
0.0856 0.5776 9.4503 0.0021 0.1764 -0.0013 0.0045 0.0133 0.0108 0.0048 0.0008 0.0007 0.0042 0.0035 0.0003 0.0001
0.0506 0.4914 9.1728 0.0114 0.3171 -0.0006 0.0039 -0.0019 0.0111 -0.0045 0.0007 -0.0007 -0.0023 0.0151 -0.0006 0.0007
0.2102 0.5173 7.4541 0.0171 0.1239 -0.0003 0.0009 0.0128 0.0059 0.0030 -0.0035 -0.0010 0.0097 0.0121 0.0018 -0.0002
0.0198 0.4504 7.9610 0.0474 0.2283 -0.0003 0.0065 0.0161 0.0131 0.0010 -0.0024 0.0006 0.0021 0.0265 0.0003 0.0007
0.0886 0.5036 8.7907 0.0115 0.1349 0.0054 -0.0011 0.0352 0.0152 -0.0007 0.0028 0.0001 -0.0042 0.0076 0.0031 0.0024
0.0702 1.9958 11.9589 0.0181 0.0464 0.0039 -0.0058 0.0006 0.0077 0.0031 0.0017 -0.0002 -0.0077 -0.0022 0.0004 0.0007
0.0811 1.7059 13.9429 0.0767 0.2029 0.0031 0.0193 0.0112 0.0239 0.0031 -0.0018 0.0007 0.0023 0.0327 0.0005 0.0001
0.0445 1.7893 12.8330 0.0365 0.0477 -0.0005 -0.0191 -0.0030 0.0116 -0.0074 -0.0017 0.0005 0.0002 0.0081 0.0030 0.0011
0.0263 1.8022 12.4682 0.0335 0.2555 0.0011 0.0035 -0.0024 0.0217 0.0017 -0.0005 0.0023 0.0004 0.0364 0.0024 0.0015
0.0637 1.9487 13.1516 0.0474 0.1272 0.0030 0.0083 0.0093 0.0210 0.0152 -0.0025 -0.0002 0.0033 0.0532 0.0005 0.0003
0.0100 1.4393 10.9930 0.0487 0.7207 0.0041 -0.0099 0.0232 0.0402 -0.0109 -0.0017 -0.0023 -0.0100 0.0400 0.0031 0.0016
0.0603 1.9950 11.8602 0.0476 0.2072 0.0052 -0.0083 0.0140 0.0217 -0.0043 -0.0041 0.0013 -0.0088 0.0228 -0.0010 -0.0007
0.0888 2.5033 10.7264 0.0232 0.0095 -0.0021 0.1813 -0.0102 0.0093 -0.0128 0.0045 -0.0010 -0.0111 0.0356 -0.0001 -0.0037
0.0897 0.4159 0.0633 0.0590 0.0993 0.0035 0.0035 0.0302 0.0046 -0.0018 -0.0011 0.0020 -0.0012 0.0387 0.0000 -0.0023
-0.0340 0.6155 0.1487 0.0515 0.1477 0.0045 -0.0090 -0.0069 0.0004 0.0056 -0.0023 -0.0011 -0.0083 0.0444 0.0016 0.0004
-0.0244 0.4845 -0.0472 0.0530 0.0682 0.0040 0.0193 -0.0006 0.0016 0.0121 0.0048 0.0001 0.0036 0.0366 0.0016 -0.0013
-0.0510 0.4606 0.0257 0.0506 0.0779 0.0051 -0.0008 0.0089 -0.0002 0.0008 0.0013 0.0004 0.0021 0.0294 0.0008 0.0000
0.1889 0.5400 0.0295 0.0925 0.1292 0.0025 0.0198 0.0437 -0.0017 0.0111 0.0012 0.0014 -0.0030 0.0636 0.0043 0.0008
0.0523 0.4440 0.0092 0.0593 0.1255 0.0026 0.0322 -0.0037 0.0057 0.0083 -0.0064 -0.0032 -0.0080 0.1556 -0.0060 0.0006
0.4469 1.0941 -0.0566 0.1688 0.2057 -0.0008 0.1157 0.0045 0.0385 0.0163 0.0012 -0.0010 -0.0089 0.4697 0.0189 0.0020
0.1764 1.5546 7.8596 0.0775 0.0170 -0.0028 -0.0027 0.0176 0.0021 0.0029 -0.0060 -0.0003 -0.0016 0.0274 -0.0001 -0.0004
0.2046 1.5810 8.4454 0.5186 0.0925 0.0080 -0.0034 -0.0060 0.0519 0.0128 -0.0002 0.0006 -0.0033 0.0807 0.0023 0.0020
-0.0341 1.5104 8.7945 0.0921 0.0732 0.0047 0.0064 0.0209 0.0033 0.0009 0.0004 -0.0008 0.0107 0.0389 -0.0013 -0.0004
0.2644 1.5549 8.7210 0.0099 0.0307 0.0058 -0.0229 0.0188 -0.0016 -0.0144 0.0005 0.0005 -0.0010 0.1499 -0.0005 0.0008
0.0837 1.7640 8.5670 0.0798 0.0510 0.0028 -0.0142 0.0137 0.0036 0.0010 0.0043 0.0000 -0.0010 0.2269 0.0013 -0.0011
0.1578 1.3578 8.5554 0.0519 0.0770 0.0073 0.0092 0.0129 0.0054 0.0016 0.0006 0.0004 -0.0047 0.0737 0.0028 0.0007
-0.0662 1.6947 8.2349 0.0491 0.0120 -0.0024 -0.0020 -0.0092 0.0031 -0.0093 0.0160 0.0015 0.0054 0.0075 0.0019 0.0017
0.1843 1.7062 7.8654 0.0906 0.0336 0.0106 0.0021 -0.0092 0.0060 0.0113 -0.0002 0.0004 0.0038 0.0150 -0.0019 0.0009
0.1173 1.5072 8.8277 0.0170 0.0782 -0.0071 0.0061 -0.0018 0.0018 -0.0022 0.0025 -0.0008 -0.0027 0.1409 0.0009 0.0031
0.0340 1.6303 8.5158 0.0346 0.0582 0.0120 -0.0084 0.0079 -0.0071 0.0109 -0.0002 -0.0001 0.0075 0.0129 -0.0031 0.0023




Appendix 6: White Pine 








WP02-C2-S2 Breccia Cement 132.2
WP02-C2-S3 Breccia Cement 132.2
WP02-C2-S4 Breccia Cement 132.2
WP03-C3-S1 Igneous quartz 1546.4
WP03-C3-S2 Igneous quartz 1546.4
WP03-C3-S3 Igneous quartz 1546.4
WP03-C3-S4 Igneous quartz 1546.4
WP03-C3-S5 Igneous quartz 1546.4
WP13-C1-S1 Igneous quartz 1553.6
WP13-C1-S2 Igneous quartz 1553.6
WP13-C1-S3 Igneous quartz 1553.6
WP13-C1-S4 Igneous quartz 1553.6
WP22-C2-S1 Igneous quartz 2588.2
WP22-C2-S2 Igneous quartz 2588.2
WP22-C2-S3 Igneous quartz 2588.2
WP22-C2-S4 Igneous quartz 2588.2
WP22-C2-S5 Igneous quartz 2588.2
WP06-C1-S1 Igneous quartz 1429.0
WP06-C1-S2 Igneous quartz 1429.0
WP06-C1-S3 Igneous quartz 1429.0
WP06-C1-S4 Igneous quartz 1429.0
WP64-C4-S1 Igneous quartz 704.8
WP64-C4-S2 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP52-C1-S1 Igneous quartz 785.5
WP52-C1-S2 Igneous quartz 785.5
WP52-C1-S3 Igneous quartz 785.5
WP52-C2-S1 Igneous quartz 785.5
WP52-C2-S2 Igneous quartz 785.5
WP52-C2-S3 Igneous quartz 785.5
WP52-C2-S4 Igneous quartz 785.5
WP65-C1-S1 Igneous quartz 609.4
WP65-C1-S3 Igneous quartz 609.4
WP65-C1-S4 Igneous quartz 609.4
WP23-C1-S1 Igneous quartz 1688.3
WP23-C1-S2 Igneous quartz 1688.3
WP23-C1-S3 Igneous quartz 1688.3
WP23-C1-S4 Igneous quartz 1688.3
WP23-C2-S1 Igneous quartz 1688.3
WP23-C2-S2 Igneous quartz 1688.3
WP23-C2-S3 Igneous quartz 1688.3
WP23-C2-S4 Igneous quartz 1688.3
WP07-C4-S1 Igneous quartz 1360.2
WP07-C4-S2 Igneous quartz 1360.2
WP07-C4-S3 Igneous quartz 1360.2
WP07-C4-S4 Igneous quartz 1360.2
Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178 Ta181 Au197** Pb208 Bi209 U238
0.0929 0.5562 10.3063 0.0938 0.0495 0.0029 -0.0037 0.0093 0.0388 -0.0026 -0.0011 -0.0012 -0.0016 0.0184 -0.0002 0.0138
0.0220 0.5599 10.4464 0.1522 0.0056 0.0073 -0.0071 -0.0013 0.2355 0.0116 0.0036 -0.0003 -0.0022 0.0178 0.0006 0.0020
0.0249 0.5677 10.6182 0.1119 0.2631 0.0070 0.0117 -0.0009 0.1382 0.0153 -0.0057 0.0015 -0.0008 0.0370 -0.0026 -0.0012
0.0130 2.8718 7.9098 0.0048 0.1803 0.0063 0.0001 0.0218 0.0095 0.0017 0.0011 0.0010 -0.0094 0.0073 0.0122 0.0037
0.0032 2.6012 6.2991 0.0346 0.0475 -0.0005 0.0035 0.0134 0.0276 -0.0235 -0.0040 0.0018 -0.0083 -0.0008 0.0053 0.0002
0.0723 3.2901 6.5885 0.0363 0.3454 0.0020 -0.0014 0.0306 0.0181 -0.0034 0.0035 -0.0008 0.0028 0.0122 0.0074 0.0075
0.0167 2.8052 5.8861 0.0560 0.0851 -0.0004 -0.0077 0.0304 0.0225 -0.0028 -0.0028 0.0008 0.0050 0.1654 0.0752 0.0096
0.0072 2.7650 6.7622 0.0046 0.0821 -0.0023 0.0104 0.0273 0.0091 -0.0063 -0.0031 -0.0005 -0.0022 0.3832 0.0679 0.0033
-0.0630 0.4440 0.0283 0.0078 0.0192 -0.0004 0.0039 -0.0193 0.0012 0.0005 0.0056 -0.0014 0.0081 0.0374 -0.0037 0.0012
0.1294 0.7826 -0.0514 0.1539 0.4224 0.0027 -0.0351 0.0349 0.0765 0.0059 0.0065 0.0003 -0.0088 0.1086 0.0090 0.0075
-0.0518 0.4221 0.0456 -0.0214 0.0210 -0.0047 -0.0014 -0.0487 0.0034 -0.0021 -0.0027 0.0017 -0.0034 0.0059 0.0084 0.0011
0.1046 0.9516 0.0261 0.1703 0.3740 0.0028 -0.0146 0.0365 0.0783 0.0050 0.0009 -0.0023 0.0075 0.0460 -0.0047 0.0011
-0.0139 1.2145 0.0481 0.0214 0.0301 -0.0026 -0.0093 0.0115 0.0032 -0.0007 0.0029 0.0019 0.0047 0.0058 -0.0016 0.0004
0.0945 1.1097 0.0507 0.0123 -0.0028 -0.0009 -0.0141 -0.0036 -0.0040 -0.0031 -0.0012 -0.0013 -0.0010 0.0153 -0.0004 -0.0004
0.0256 1.6813 0.0999 0.0041 0.0036 0.0042 -0.0031 -0.0039 0.0002 -0.0041 0.0009 -0.0012 -0.0007 0.0042 -0.0017 0.0007
0.0274 1.5865 -0.0155 -0.0027 0.0059 0.0000 0.0223 0.0022 0.0000 0.0000 0.0014 0.0000 -0.0103 0.0139 -0.0006 0.0015
0.0028 1.5937 0.0692 0.0122 0.0200 -0.0009 0.0219 -0.0117 -0.0011 -0.0066 0.0079 0.0000 -0.0033 0.0884 0.0003 -0.0010
0.2325 0.6457 0.1961 0.1714 0.2283 0.0185 -0.0025 -0.0010 0.0444 0.0043 0.0026 0.0002 0.0025 0.2585 0.0531 0.0606
0.1090 2.4504 0.1593 0.0924 0.1030 0.0018 -0.0080 0.0305 0.0235 -0.0031 -0.0028 -0.0001 0.0012 0.0822 -0.0023 0.0000
-0.0065 2.0460 0.1096 0.0226 0.0398 0.0084 -0.0049 0.0072 0.0049 -0.0003 -0.0049 -0.0009 0.0008 0.0043 0.0061 0.0016
0.0595 2.0001 0.1762 0.0353 0.0683 -0.0002 0.0070 0.0032 0.0144 -0.0062 -0.0019 -0.0020 0.0005 0.0308 0.0046 0.0014
0.0033 1.2569 0.3434 0.0020 0.1009 0.0049 -0.0242 0.0260 0.0038 -0.0093 0.0009 0.0013 0.0062 68.7129 -0.0005 0.0005
0.0170 1.2287 0.1267 0.0494 0.0198 0.0008 -0.0243 -0.0010 0.0124 -0.0085 0.0004 0.0014 0.0048 0.0213 -0.0016 0.0004
0.0922 1.4038 0.0880 0.0107 0.1852 0.0053 0.0099 0.0104 0.0059 0.0073 0.0002 -0.0019 0.0034 22.6847 0.0029 0.0001
0.0361 1.0932 -0.0082 0.0072 0.0489 0.0035 0.0087 -0.0024 0.0004 0.0079 -0.0034 0.0013 0.0099 1.6364 0.0030 0.0004
0.1607 0.4634 0.0751 0.0090 0.2185 0.0018 0.0133 -0.0172 0.0192 -0.0127 -0.0009 -0.0008 0.0062 0.0786 0.0068 0.0001
0.0427 0.5427 0.1261 0.0697 0.1796 0.0048 -0.0036 -0.0041 0.0075 -0.0033 0.0013 0.0000 -0.0003 0.0524 -0.0041 0.0037
8.9576 0.7937 0.3381 0.1139 0.6416 0.0059 0.0251 0.0215 0.0470 -0.0134 0.0053 0.0012 0.0005 3.2924 0.3709 0.1523
-0.0435 1.6010 0.2094 0.0199 0.1042 -0.0041 -0.0207 -0.0228 0.0077 0.0051 -0.0004 -0.0012 -0.0022 0.0253 0.0123 0.0082
0.0487 1.3632 0.1022 0.0435 0.0950 0.0046 -0.0017 0.0108 0.0178 -0.0036 -0.0026 -0.0017 0.0039 -0.0002 -0.0020 0.0001
0.1901 1.9462 0.1084 0.0840 0.6079 0.0186 0.0089 0.0635 0.0143 0.0007 -0.0007 0.0000 -0.0171 0.0304 0.0004 0.0023
0.0426 1.3871 0.0625 0.0731 0.3991 -0.0017 -0.0138 0.0082 0.0452 -0.0024 0.0036 0.0011 -0.0030 0.0151 0.0016 0.0006
0.2360 0.9623 -0.1361 0.0058 0.0333 -0.0072 -0.0354 0.0282 -0.0005 0.0036 -0.0095 0.0001 -0.0018 0.0680 -0.0051 0.0007
0.1177 0.9374 0.0453 -0.0072 0.0089 -0.0030 0.0049 -0.0055 0.0001 0.0012 -0.0042 0.0021 -0.0093 -0.0003 0.0003 0.0008
0.0860 0.9167 0.0576 0.0018 0.0027 -0.0025 -0.0027 -0.0157 0.0058 0.0079 0.0011 -0.0012 -0.0010 -0.0025 0.0030 -0.0007
0.0336 0.5868 4.2811 0.0031 0.0567 0.0011 -0.0053 0.0027 0.0080 -0.0045 0.0041 0.0007 0.0041 0.0218 0.0008 0.0000
0.0606 0.6491 2.6431 0.0990 0.0879 -0.0008 -0.0032 -0.0006 0.0226 -0.0036 0.0147 -0.0023 -0.0059 0.0466 0.0008 0.0498
0.1042 0.5857 2.6144 0.0012 0.0254 0.0028 -0.0118 -0.0027 0.0012 -0.0016 0.0002 0.0131 -0.0047 0.0134 0.0014 0.0024
0.1593 0.6047 2.5523 0.0689 0.0859 0.0138 -0.0088 0.0234 0.0260 -0.0011 -0.0027 0.0025 -0.0026 0.1201 0.0043 0.0150
0.0439 0.5922 2.3219 0.0679 0.0523 0.0064 0.0117 0.0037 0.0204 0.0047 0.0029 -0.0001 0.0060 0.0240 0.0027 0.0009
0.0486 0.5307 2.2533 0.0323 0.0293 -0.0004 -0.0035 -0.0045 0.0081 -0.0063 0.0015 0.0005 0.0020 0.0108 0.0296 0.0007
0.0129 0.5595 2.2946 0.0321 0.0709 0.0016 -0.0053 -0.0083 0.0387 0.0078 0.0038 0.0008 0.0000 0.0242 0.0016 0.0005
0.1488 0.5417 1.6493 0.0369 0.0929 -0.0049 0.0133 0.0086 0.0237 0.0031 -0.0013 -0.0009 0.0116 0.0182 -0.0005 0.0010
-0.0181 0.4176 7.7669 0.0780 0.0253 0.0069 0.0056 0.0096 0.0075 0.0068 -0.0039 -0.0012 -0.0046 0.0178 -0.0015 -0.0018
0.1462 0.5253 7.3333 0.0592 0.0115 -0.0031 0.0005 0.2554 0.0225 -0.0098 -0.0004 0.0011 0.0069 -0.0025 0.0006 0.0002
0.0201 0.4070 6.9260 0.0330 0.0100 0.0034 0.0016 0.0008 0.0017 -0.0092 0.0038 0.0007 0.0012 0.0149 -0.0014 -0.0003




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
WP46-C1-S1 Vein Quartz 372.6 3.115 2.060 0.5250 72.02 467500 18.56 1.684 -89.21 57.12 54.77 0.01701 0.1784 0.1415 3.254 0.08579
WP46-C1-S2 Vein Quartz 372.6 4.892 -0.9230 0.1792 65.93 467500 17.33 0.9393 37.69 58.32 57.62 0.004538 0.1527 0.06294 1.672 0.06668
WP46-C1-S3 Vein Quartz 372.6 2.202 0.3262 0.1708 49.71 467500 15.70 -0.04945 13.50 28.93 28.64 -0.0004721 -0.05786 0.06879 -0.1732 0.06125
WP46-C1-S4 Vein Quartz 372.6 3.757 2.463 0.2400 92.61 467500 16.66 50.60 6.870 50.88 52.33 0.04853 0.1018 0.09457 0.6884 0.01006
WP46-C1-S5 Vein Quartz 372.6 1.828 3.038 0.1551 53.15 467500 14.87 14.64 14.18 79.29 84.53 0.06009 0.1696 0.07049 1.212 0.01070
WP46-C1-S6 Vein Quartz 372.6 6.170 0.2956 0.2602 89.52 467500 11.02 9.899 20.44 60.51 61.84 -0.001147 0.03993 0.1010 1.231 0.1556
WP46-C1-S7 Vein Quartz 372.6 1.305 1.355 0.4967 54.13 467500 16.29 6.894 -29.62 42.63 44.90 -0.002974 -0.05536 0.1071 6.440 0.1176
WP46-C1-S8 Vein Quartz 372.6 2.061 1.738 0.3583 61.67 467500 15.81 29.31 -5.956 72.85 71.59 0.06968 0.09950 0.07081 9.370 0.8023
WP46-C1-S9 Vein Quartz 372.6 2.365 16.28 0.5572 63.14 467500 18.69 6.483 -22.64 52.20 52.55 0.01469 -0.08000 0.1083 10.22 0.1114
WP46-C1-S10 Vein Quartz 372.6 2.456 5.787 0.2535 75.21 467500 15.17 20.10 6.556 54.40 54.97 0.01072 0.008719 0.1299 1.240 0.2646
WP46-C1-S11 Vein Quartz 372.6 1.486 0.9336 0.4081 41.66 467500 19.12 3.398 49.50 33.99 34.23 0.01296 0.005721 0.04804 3.273 0.1604
WP46-C1-S12 Vein Quartz 372.6 4.123 2.432 0.2358 66.01 467500 17.69 0.7698 1.136 47.50 47.30 -0.003084 0.05472 0.05590 -0.05088 0.05286
WP46-C1-S13 Vein Quartz 372.6 4.070 1.525 0.2241 66.30 467500 12.54 -0.1867 13.68 37.74 39.38 0.007873 -0.1411 0.04720 0.1776 0.01212
WP46-C1-S14 Vein Quartz 372.6 3.264 -2.232 0.4567 69.40 467500 18.61 6.730 65.23 42.18 42.98 0.01539 0.01263 0.07965 1.923 0.08608
WP46-C1-S15 Vein Quartz 372.6 3.280 -0.8833 0.2192 67.84 467500 10.47 2.286 -1.828 44.20 45.26 -0.001742 0.1340 0.09433 0.6599 0.0006844
WP03-C1-S1 Vein Quartz 1546.4 0.6944 34.89 0.01361 30.55 467500 10.70 5.108 30.37 4.976 3.503 -0.008543 0.002154 0.04588 0.2017 0.1735
WP03-C1-S2 Vein Quartz 1546.4 5.777 23.52 0.1002 176.6 467500 15.91 22.63 0.7037 12.52 12.27 0.0005495 0.02868 0.3737 0.9958 0.7343
WP03-C1-S3 Vein Quartz 1546.4 7.432 12.85 5.510 165.8 467500 16.42 10.99 -1.508 13.05 12.98 0.02159 -0.06005 0.4835 21.96 1.834
WP03-C1-S4 Vein Quartz 1546.4 1.561 9.704 0.2662 57.78 467500 15.26 5.914 7.786 7.627 6.809 0.005359 0.05607 0.09426 6.601 0.3651
WP03-C1-S5 Vein Quartz 1546.4 0.1652 11.92 0.1520 10.55 467500 15.67 3.124 23.47 1.410 1.299 0.01414 0.02003 0.04044 4.545 0.1579
WP03-C2-S1 Vein Quartz 1546.4 4.060 4.992 -0.02095 101.0 467500 14.82 1.624 23.11 9.237 8.665 0.01189 0.05493 0.08423 2.200 0.02891
WP03-C2-S2 Vein Quartz 1546.4 4.272 3.551 0.1344 76.24 467500 15.61 1.923 -12.70 7.806 8.716 0.006900 -0.08766 0.08689 0.1727 0.1908
WP03-C2-S3 Vein Quartz 1546.4 1.429 6.347 0.02700 47.69 467500 13.09 1.661 70.76 5.950 6.492 -0.001375 -0.07709 -0.0007446 0.8498 0.002431
WP03-C2-S4 Vein Quartz 1546.4 1.716 19.73 0.1335 61.27 467500 13.25 2.202 16.84 8.302 8.144 -0.009690 -0.09256 0.1199 1.548 0.1650
WP03-C2-S5 Vein Quartz 1546.4 3.088 10.71 0.05669 81.49 467500 18.21 1.762 3.709 9.349 7.853 -0.006925 0.06270 0.1492 9.792 0.1313
WP13-C3-S1 Vein Quartz 1553.6 5.097 -1.737 0.03440 53.01 467500 19.45 0.09246 74.26 35.48 37.01 -0.01213 0.1202 0.03730 -0.1924 0.03195
WP13-C3-S2 Vein Quartz 1553.6 5.730 1.024 0.02898 57.12 467500 20.25 -0.4549 23.13 33.44 33.58 0.007780 0.03880 0.03509 -0.8015 -0.01002
WP13-C3-S3 Vein Quartz 1553.6 4.318 -0.1257 0.06743 47.95 467500 23.14 -0.4864 -47.59 33.95 34.83 -0.01268 -0.0008132 0.03473 0.3324 -0.09059
WP13-C3-S4 Vein Quartz 1553.6 5.048 6.963 0.1275 62.90 467500 18.96 2.019 -19.20 37.67 39.57 0.01291 0.04919 0.04477 0.5272 0.08202
WP13-C5-S1 Vein Quartz 1553.6 4.017 2.096 0.4885 48.77 467500 18.71 5.119 -32.76 42.97 45.37 -0.01155 -0.05915 0.02677 0.4709 0.09146
WP13-C5-S2 Vein Quartz 1553.6 4.603 4.432 0.2672 73.13 467500 17.17 3.531 -46.61 44.84 47.23 0.005388 -0.005312 -0.02644 1.017 0.05622
WP13-C5-S3 Vein Quartz 1553.6 3.344 1.436 2.555 47.06 467500 21.28 1.035 28.72 45.76 46.30 -0.009031 -0.07420 0.06333 0.6801 0.07553
WP13-C5-S4 Vein Quartz 1553.6 2.354 -2.805 0.3458 31.80 467500 18.76 0.8515 17.08 34.28 34.42 0.001724 -0.04116 0.02394 1.316 0.04134
WP22-C4-S1 Vein Quartz 2588.2 1.860 -0.3018 0.02222 29.90 467500 19.64 -0.5035 43.76 1.018 0.8855 0.005246 -0.1119 0.02488 -1.830 0.007948
WP22-C4-S2 Vein Quartz 2588.2 0.5366 0.2764 0.03097 19.04 467500 17.43 -0.7301 227.4 1.509 0.4858 0.002700 -0.07345 0.04858 5.066 0.06515
WP22-C4-S3 Vein Quartz 2588.2 0.5548 15.65 0.03611 24.43 467500 18.84 5.349 35.16 1.336 1.128 0.005118 -0.04778 0.09125 7.648 0.3301
WP22-C4-S4 Vein Quartz 2588.2 0.8813 -0.5892 0.05094 26.87 467500 16.68 0.3945 27.06 1.859 1.347 0.01430 -0.1994 0.02362 21.89 0.2960
WP22-C4-S5 Vein Quartz 2588.2 0.6348 31.98 0.2016 31.34 467500 14.81 7.234 43.45 1.448 1.316 -0.0005951 0.01746 0.4451 22.21 0.7688
WP06-C2-S1 Vein Quartz 1429.0 5.700 1.001 0.1680 67.96 467500 15.52 4.308 45.58 52.74 54.53 0.004509 -0.02811 0.09874 0.7276 0.02283
WP06-C2-S2 Vein Quartz 1429.0 4.864 -2.477 0.07532 59.85 467500 13.64 3.190 11.00 48.70 48.00 0.005961 -0.04075 0.1144 0.9605 0.02357
WP06-C2-S3 Vein Quartz 1429.0 5.152 -0.1475 0.1070 61.08 467500 12.12 5.534 -14.83 46.91 48.73 -0.00006058 0.06094 0.1073 -0.1165 0.01576
WP06-C2-S4 Vein Quartz 1429.0 5.232 -3.317 0.09683 59.15 467500 11.96 3.846 -12.12 37.69 39.57 -0.001213 -0.01476 0.08377 0.5657 0.02031




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
WP06-C3-S3 Vein Quartz 1429.0 4.160 7.902 0.1424 66.07 467500 15.02 6.515 -37.50 47.34 48.90 0.01151 0.1437 0.1205 7.241 0.1898
WP06-C3-S4 Vein Quartz 1429.0 3.201 -1.026 0.1547 40.96 467500 14.73 2.252 14.12 43.10 43.04 -0.01173 0.1131 0.07962 0.2779 -0.009502
WP53-C1-S1 Vein Quartz 548.8 1.446 36.44 0.1465 69.12 467500 16.29 14.74 45.51 44.36 45.06 -0.003232 0.1542 0.1461 -0.4923 0.5633
WP53-C1-S2 Vein Quartz 548.8 1.087 130.2 0.2918 79.48 467500 17.90 29.44 -5.182 43.87 42.97 0.005612 -0.05620 0.2335 1.968 0.1035
WP53-C1-S3 Vein Quartz 548.8 3.313 1.526 0.1832 81.06 467500 19.00 8.306 -18.16 58.99 58.99 -0.0008343 0.05305 0.09485 0.4756 0.06311
WP53-C1-S4 Vein Quartz 548.8 1.840 17.26 0.1469 75.50 467500 15.12 13.05 -21.37 58.91 58.15 -0.0002907 0.1106 0.1197 -0.03684 0.2786
WP53-C1-S5 Vein Quartz 548.8 0.8511 14.36 0.1379 28.11 467500 17.10 1.536 -17.58 17.30 15.92 -0.002499 -0.009284 0.03658 0.3511 0.2335
WP53-C2-S1 Vein Quartz 548.8 1.371 10.87 0.2559 47.20 467500 15.89 3.520 -6.236 41.37 40.02 0.01530 0.1553 1.811 22.64 1.587
WP53-C2-S2 Vein Quartz 548.8 1.432 16.82 0.1861 39.19 467500 16.25 3.891 -32.59 39.07 37.35 -0.004527 0.005073 0.1194 2.341 0.08556
WP53-C2-S3 Vein Quartz 548.8 0.6940 35.59 0.3602 116.4 467500 16.04 32.05 8.403 68.40 66.40 -0.005128 0.08007 0.2893 2.251 0.3183
WP53-C2-S4 Vein Quartz 548.8 1.761 8.095 0.2666 66.02 467500 14.88 11.12 -30.43 51.96 52.38 0.002398 -0.1381 0.1608 1.364 0.07856
WP53-C2-S5 Vein Quartz 548.8 0.7916 38.93 0.7956 65.73 467500 17.06 14.47 31.76 26.66 28.29 0.005615 -0.007097 1.426 7.029 1.892
WP05-C1-S1 Vein Quartz 1429.0 3.300 -0.1922 0.06666 53.62 467500 13.72 1.205 21.18 51.40 52.90 0.0001884 -0.0007950 0.1239 2.821 0.01292
WP05-C1-S2 Vein Quartz 1429.0 1.268 22.01 0.06363 34.38 467500 13.89 2.489 -40.01 42.61 41.96 0.003387 0.09307 0.009731 0.1487 1.176
WP05-C1-S3 Vein Quartz 1429.0 2.022 1.577 0.2312 42.13 467500 15.37 2.608 26.59 47.82 50.34 -0.001397 -0.04722 0.06550 0.03966 0.07393
WP05-C1-S4 Vein Quartz 1429.0 3.294 -0.6730 0.1648 46.82 467500 15.12 0.4434 -23.71 59.12 58.99 -0.01302 0.1381 0.07063 -0.3509 0.03968
WP05-C2-S1 Vein Quartz 1429.0 1.033 0.7886 0.3402 26.75 467500 17.85 2.042 -17.39 38.19 36.30 0.01090 0.02770 0.07519 -0.04887 0.7079
WP05-C2-S2 Vein Quartz 1429.0 0.8433 8.102 0.1222 27.68 467500 14.49 2.749 -46.92 16.91 18.20 -0.002389 -0.1702 0.1303 -0.04475 1.573
WP05-C2-S3 Vein Quartz 1429.0 1.119 -0.4103 0.4570 25.45 467500 16.79 -0.1839 15.93 43.24 41.61 -0.001222 -0.1389 0.01227 0.4700 0.4159
WP05-C2-S4 Vein Quartz 1429.0 2.286 -0.3917 0.3945 39.21 467500 16.30 1.496 28.08 36.12 35.61 0.001788 -0.08100 0.05185 0.7866 0.02728
WP05-C2-S5 Vein Quartz 1429.0 2.007 0.2918 0.2861 42.41 467500 14.94 2.868 3.702 47.06 47.11 0.003253 0.08302 0.04013 0.7656 0.006932
WP05-C3-S1 Vein Quartz 1429.0 1.963 78.58 0.3046 57.33 467500 13.05 7.414 10.95 1.477 1.324 -0.002934 -0.07741 0.09210 3.039 0.08720
WP05-C3-S2 Vein Quartz 1429.0 4.822 3.399 0.04237 88.51 467500 14.48 7.568 -2.987 2.907 2.019 0.006992 -0.1343 0.08850 0.3029 0.3877
WP05-C3-S3 Vein Quartz 1429.0 1.054 1.684 0.1265 31.52 467500 16.23 0.3270 23.09 0.8640 3.228 0.01895 -0.02123 0.2048 -1.380 0.06640
WP05-C3-S4 Vein Quartz 1429.0 2.983 19.56 0.3854 68.35 467500 12.53 6.657 22.66 1.725 1.306 -0.005588 0.04184 0.09896 -0.4323 3.162
WP64-C1-S1 Vein Quartz 704.8 1.399 5.115 0.3400 32.22 467500 21.33 1.153 30.43 1.223 0.8229 0.01044 0.04027 0.01395 7.266 0.2037
WP64-C1-S2 Vein Quartz 704.8 3.018 2.773 0.4207 50.28 467500 23.54 5.559 3.012 1.988 1.325 -0.004857 0.08569 0.05427 6.918 0.2175
WP64-C1-S3 Vein Quartz 704.8 3.067 9.199 0.3489 41.75 467500 19.64 5.213 -22.56 1.949 0.6303 0.004243 -0.2399 0.1155 8.368 0.3117
WP64-C1-S4 Vein Quartz 704.8 5.310 0.5542 1.879 81.95 467500 19.02 22.18 16.89 2.642 1.890 0.02769 -0.08258 0.2167 3.359 0.07382
WP64-C2-S1 Vein Quartz 704.8 3.894 18.42 5.830 145.4 467500 23.44 67.85 -89.56 2.982 2.059 0.1553 -0.1051 0.5388 34.10 3.425
WP64-C2-S2 Vein Quartz 704.8 3.786 -2.402 8.468 163.7 467500 23.05 68.32 35.46 4.368 4.502 0.1715 -0.1277 0.5810 5.441 0.1442
WP64-C2-S4 Vein Quartz 704.8 7.889 46.39 2.287 177.6 467500 20.43 49.45 10.61 2.695 2.232 0.03834 0.2008 0.7877 3.041 1.682
WP64-C3-S1 Vein Quartz 704.8 1.692 -0.1181 -0.005337 17.37 467500 21.17 -0.2176 -14.31 4.286 3.130 0.006720 0.05555 0.03264 0.7621 0.1144
WP64-C3-S2 Vein Quartz 704.8 5.617 32.62 1.770 121.2 467500 19.12 28.61 -49.55 1.949 1.861 0.02597 -0.1208 0.3133 34.47 6.929
WP64-C3-S3 Vein Quartz 704.8 4.795 4.930 0.8909 73.73 467500 25.65 7.975 -65.22 1.974 1.380 0.01317 -0.2510 0.4423 114.4 5.069
WP52-C3-S1 Vein Quartz 785.5 1.923 -3.821 0.2225 85.14 467500 14.86 14.29 1.874 57.97 58.73 -0.002183 0.05939 0.2045 1.276 0.0006282
WP52-C3-S2 Vein Quartz 785.5 1.230 -0.2208 0.1568 49.59 467500 12.58 1.936 6.236 50.83 50.96 -0.003864 -0.03990 0.06888 0.5794 0.03709
WP52-C3-S3 Vein Quartz 785.5 0.4682 23.16 0.09896 56.54 467500 14.97 1.908 40.60 67.93 69.07 0.02310 0.04302 0.09865 26.49 0.1993
WP52-C3-S4 Vein Quartz 785.5 1.099 -2.245 0.1825 60.00 467500 11.52 6.467 33.05 75.44 71.16 -0.001408 -0.1112 0.1942 5.877 0.01080
WP65-C2-S3 Vein Quartz 609.4 4.033 68.58 8.649 161.3 467500 15.30 91.10 82.60 9.808 10.72 0.06440 0.1068 0.08899 53.83 0.2698
WP65-C2-S4 Vein Quartz 609.4 6.513 0.9475 0.8971 65.85 467500 13.52 3.808 38.21 10.82 11.36 0.004282 0.1396 0.06494 166.4 0.09695
WP65-C3-S1 Vein Quartz 609.4 8.587 -5.008 0.3441 88.19 467500 11.77 2.902 16.64 38.79 37.05 -0.003493 0.05209 0.1149 1.128 -0.002299




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
WP65-C3-S3 Vein Quartz 609.4 7.823 2.255 0.3204 75.74 467500 14.42 0.9135 -4.555 33.66 35.11 0.008975 0.09385 0.08984 1.404 0.2222
WP65-C3-S4 Vein Quartz 609.4 9.514 -2.035 0.2550 107.8 467500 13.32 31.56 25.62 34.20 34.99 -0.002821 -0.02371 0.1069 0.9806 0.004693
WP65-C4-S1 Vein Quartz 609.4 5.495 -2.627 0.9078 58.06 467500 15.66 5.453 -6.433 34.94 34.96 -0.008542 0.1118 0.1837 1.974 0.7190
WP65-C4-S2 Vein Quartz 609.4 5.410 -2.114 0.1675 50.81 467500 12.35 4.262 -22.04 33.23 34.24 0.007092 0.0005882 0.05433 0.9066 0.1347
WP65-C4-S3 Vein Quartz 609.4 4.540 -1.929 0.08223 43.76 467500 15.57 -1.546 10.87 31.60 31.34 0.01865 -0.04968 0.03433 -0.06610 0.02107
WP65-C4-S4 Vein Quartz 609.4 2.747 5.459 0.2945 38.08 467500 15.64 3.067 -98.10 28.43 26.15 0.06562 -0.005827 0.01184 12.06 0.4867
WP23-C5-S2 Vein Quartz 1688.3 10.29 -1.545 0.9349 142.5 467500 13.16 22.91 51.23 17.63 16.97 0.008799 0.04834 0.2953 12.78 0.1376
WP07-C1-S3 Vein Quartz 1360.2 2.076 13.86 1.230 58.12 467500 23.43 3.571 71.58 28.62 26.79 0.01965 -0.02284 0.1438 8.178 0.2898
WP07-C1-S4 Vein Quartz 1360.2 1.245 4.745 0.2476 36.86 467500 24.11 1.944 10.64 25.76 27.21 0.004225 -0.1532 0.1097 10.73 0.3793
WP07-C2-S1 Vein Quartz 1360.2 5.422 -0.8085 0.1480 60.60 467500 19.90 3.708 9.186 45.42 43.79 0.001749 0.1472 0.1284 0.3621 0.1455
WP07-C2-S2 Vein Quartz 1360.2 5.418 -0.1710 0.2047 66.39 467500 19.53 6.640 -17.65 45.60 42.77 -0.0004029 -0.01686 0.08389 0.8538 0.002219
WP07-C2-S3 Vein Quartz 1360.2 4.040 7.227 0.4896 84.16 467500 18.85 19.97 -63.29 56.38 54.14 0.004854 -0.1523 0.2782 2.032 0.3020
WP07-C4-S1 Vein Quartz 1360.2 3.959 1.111 -0.03324 53.46 467500 24.99 6.314 -46.90 33.65 35.22 -0.01255 0.04598 0.1571 3.084 0.03083
WP07-C4-S2 Vein Quartz 1360.2 4.989 6.338 0.1488 56.81 467500 17.24 5.251 26.28 42.37 42.39 0.01088 -0.02482 0.1004 2.143 0.1398
WP07-C4-S3 Vein Quartz 1360.2 4.361 1.546 0.1097 49.45 467500 18.15 3.770 19.54 47.26 47.67 0.002908 -0.02295 0.09493 0.4794 0.1471
WP07-C4-S4 Vein Quartz 1360.2 4.885 1.244 0.1393 52.20 467500 16.68 4.003 -8.277 42.79 42.26 0.003565 0.09693 0.1083 1.200 0.07494
WP07-C1-S1 Vein Quartz 1360.2 2.607 54.68 0.6480 127.1 467500 125.1 6.562 58.51 36.05 36.25 0.01691 0.1469 0.1091 621.9 2.255
WP07-C1-S3 Vein Quartz 1360.2 2.076 13.86 1.230 58.12 467500 23.43 3.571 71.58 28.62 26.79 0.01965 -0.02284 0.1438 8.178 0.2898
WP07-C1-S4 Vein Quartz 1360.2 1.319 5.373 1.417 38.76 467500 23.58 2.210 11.51 29.47 25.57 0.005990 -0.09665 0.1197 55.84 1.408
WP07-C2-S1 Vein Quartz 1360.2 5.610 -0.6459 0.1779 61.40 467500 19.91 4.438 7.790 44.21 43.97 0.01127 0.1838 0.1613 0.8100 0.1584
WP07-C2-S2 Vein Quartz 1360.2 5.395 -0.3353 0.2430 67.84 467500 20.58 8.357 -18.77 45.56 44.61 0.007249 0.004460 0.06699 1.784 -0.004624
WP07-C2-S3 Vein Quartz 1360.2 5.843 13.54 0.2166 63.95 467500 17.61 15.20 -6.498 63.85 61.50 0.003953 -0.04135 0.1340 2.329 0.1531
WP03-C1-S1 Vein Quartz 1546.4 2.596 5.734 0.2171 28.76 467500 14.92 1.247 12.96 26.72 25.80 -0.02083 0.1429 0.1199 3.762 0.09855
WP03-C1-S2 Vein Quartz 1546.4 6.160 3.506 0.04459 59.05 467500 14.83 2.879 -22.70 45.61 45.53 0.002492 -0.02244 0.1261 -0.1322 -0.02079
WP03-C1-S3 Vein Quartz 1546.4 6.936 0.7479 0.05571 64.04 467500 11.51 1.535 86.29 48.01 47.57 -0.002273 -0.03463 0.05150 -0.5329 -0.06139
WP03-C1-S4 Vein Quartz 1546.4 6.710 0.8256 0.07882 58.90 467500 8.930 2.529 0.4893 47.77 47.98 -0.01016 0.1418 0.04447 0.5569 -0.03774
WP03-C2-S2 Vein Quartz 1546.4 5.713 0.7342 0.08858 53.67 467500 14.30 4.561 15.05 42.22 43.99 -0.01853 -0.01207 0.07737 0.5252 0.03432
WP03-C2-S3 Vein Quartz 1546.4 7.881 9.613 0.06711 80.70 467500 12.48 12.28 27.44 63.24 62.69 -0.009802 -0.02203 0.09481 0.2299 0.003716
WP03-C2-S4 Vein Quartz 1546.4 7.403 0.8722 0.04775 69.56 467500 13.38 1.443 25.89 44.96 43.80 -0.006654 -0.03503 0.06797 -0.3579 -0.004712
WP03-C3-S1 Vein Quartz 1546.4 1.756 6.969 0.02192 24.29 467500 12.06 1.960 18.96 2.212 2.143 -0.009113 -0.2117 0.07315 0.5008 -0.004049
WP03-C3-S2 Vein Quartz 1546.4 1.361 30.40 0.1524 24.23 467500 12.74 4.435 10.26 3.753 3.355 0.0001946 -0.08571 0.1461 0.9373 0.8075
WP03-C3-S3 Vein Quartz 1546.4 1.253 13.37 0.05840 15.96 467500 11.95 3.461 -5.698 2.266 1.659 -0.009129 0.09251 0.003554 -0.002278 0.02643
WP03-C3-S4 Vein Quartz 1546.4 0.9683 23.15 0.1449 20.63 467500 11.57 3.569 41.54 1.875 1.768 0.01237 0.05247 0.07200 1.533 0.9953
WP03-C4-S1 Vein Quartz 1546.4 1.123 17.73 0.08497 22.45 467500 11.93 6.002 18.14 2.228 2.701 0.01724 -0.04874 0.03882 -0.2221 0.1693
WP03-C4-S2 Vein Quartz 1546.4 1.008 58.26 0.4345 21.46 467500 13.15 4.690 54.13 1.226 1.536 -0.01147 -0.2251 0.09446 24.07 0.2991
WP03-C4-S3 Vein Quartz 1546.4 2.149 21.80 0.07258 28.59 467500 13.15 1.785 -48.30 3.628 3.290 0.009065 0.02659 0.03888 10.26 0.1300
WP03-C4-S4 Vein Quartz 1546.4 0.8230 5.787 0.01742 15.09 467500 13.69 1.060 82.85 1.848 1.960 0.01020 0.02353 0.06315 -0.06722 0.8516
WP63-C1-S1 Breccia Cement 0.0 4.337 0.9527 0.2291 74.21 467500 14.11 10.92 -3.804 67.63 68.10 0.01324 0.009924 0.1836 1.158 0.06110
WP63-C1-S2 Breccia Cement 0.0 5.013 -1.043 0.1972 76.71 467500 12.42 12.46 15.25 66.74 68.13 0.001999 0.03027 0.2094 -0.8536 0.05091
WP63-C1-S3 Breccia Cement 0.0 3.747 2.546 0.1550 65.88 467500 12.62 8.416 6.108 56.79 51.40 -0.01440 0.1389 0.1193 -0.1910 0.08092
WP63-C2-S1 Breccia Cement 0.0 6.033 1.188 0.1733 75.32 467500 12.97 9.116 -11.68 70.93 73.73 -0.005292 0.01256 0.2223 1.504 -0.05102
WP63-C2-S2 Breccia Cement 0.0 5.979 1.524 0.3203 75.00 467500 12.72 20.63 -23.79 62.92 67.26 -0.0009943 0.05670 0.2114 1.784 -0.01452




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
WP63-C3-S1 Breccia Cement 0.0 2.686 83.99 3.295 115.5 467500 13.47 29.44 24.41 34.24 34.46 0.06401 -0.01634 0.2013 31.46 2.337
WP02-C1-S1 Breccia Cement 132.2 3.281 -0.09597 1.479 71.77 467500 13.72 14.74 -0.9718 16.10 16.78 0.02980 0.1049 0.1257 2.428 0.005790
WP02-C1-S2 Breccia Cement 132.2 3.469 29.81 5.992 202.0 467500 14.35 101.1 49.03 26.47 23.83 0.1701 -0.05689 0.1389 20.68 0.6558
WP02-C1-S4 Breccia Cement 132.2 3.169 -3.942 0.4843 49.27 467500 14.14 10.59 101.5 13.28 13.81 0.009941 0.02209 0.06353 4.050 0.1829
WP02-C1-S5 Breccia Cement 132.2 2.709 -5.341 0.1979 38.01 467500 16.17 -0.9855 59.63 13.86 13.98 0.03725 -0.07219 0.9819 4.953 0.1520
WP02-C1-S6 Breccia Cement 132.2 2.986 2.331 0.5026 52.03 467500 16.68 6.718 96.42 15.89 13.91 -0.002035 -0.2121 3.168 4.284 0.1425
WP02-C1-S7 Breccia Cement 132.2 3.287 0.4240 0.9283 78.87 467500 14.80 13.14 -27.42 16.90 16.19 0.0006277 -0.07854 0.6045 4.361 0.1819
WP02-C1-S9 Breccia Cement 132.2 3.960 -1.253 0.9019 56.64 467500 12.58 10.40 7.240 14.95 13.68 0.01092 0.01142 0.06789 3.914 0.07273
WP02-C1-S10 Breccia Cement 132.2 5.011 1.746 1.435 89.24 467500 12.62 19.24 -1.870 17.71 16.36 -0.007712 0.1605 0.09783 6.913 0.1431
WP02-C1-S11 Breccia Cement 132.2 2.449 -2.339 0.3197 39.80 467500 13.68 0.5056 -22.09 19.30 20.02 -0.007137 0.03224 0.2805 12.73 0.2570
WP02-C1-S12 Breccia Cement 132.2 2.825 -4.304 0.1468 42.82 467500 13.55 9.147 -25.36 14.13 15.40 -0.008711 -0.06008 0.08155 3.979 0.06027
WP02-C2-S1 Breccia Cement 132.2 3.000 7.817 0.5217 79.83 467500 13.28 14.61 -44.86 51.78 52.76 0.0003865 -0.04899 0.1853 2.071 0.04227
WP02-C2-S2 Breccia Cement 132.2 2.495 18.83 0.2212 75.88 467500 15.50 8.953 31.39 43.07 42.11 0.009867 -0.05270 0.3089 2.729 0.2595
WP02-C2-S3 Breccia Cement 132.2 2.781 14.78 0.5099 73.73 467500 11.38 14.37 22.06 52.66 52.77 -0.002766 -0.05773 0.2375 3.537 0.4177
WP02-C2-S4 Breccia Cement 132.2 1.705 53.67 0.3763 71.80 467500 11.04 11.17 -21.92 55.81 54.89 0.005393 0.1610 1.126 2.058 0.1386
WP03-C3-S1 Igneous quartz 1546.4 2.673 6.114 0.06420 67.14 467500 12.13 2.477 23.34 7.187 7.590 -0.003455 0.08326 0.03738 0.5019 0.07582
WP03-C3-S2 Igneous quartz 1546.4 0.6671 19.37 0.04883 30.96 467500 19.90 2.335 22.93 3.994 3.716 0.004309 -0.04416 0.08830 0.6258 0.2491
WP03-C3-S3 Igneous quartz 1546.4 4.758 20.10 0.1480 103.6 467500 16.61 4.736 -38.75 10.27 8.631 0.01408 -0.002356 0.07447 0.3130 0.2103
WP03-C3-S4 Igneous quartz 1546.4 2.865 10.54 0.08056 82.02 467500 20.08 1.353 29.47 7.141 6.621 -0.03360 -0.05799 0.09016 0.4773 0.05075
WP03-C3-S5 Igneous quartz 1546.4 2.546 5.948 0.07101 62.26 467500 17.53 1.259 -38.70 6.917 7.297 -0.0001873 0.008256 0.07689 -0.3194 0.0007714
WP13-C1-S1 Igneous quartz 1553.6 4.347 -0.3169 0.1042 47.54 467500 20.93 -0.5813 -18.30 57.10 56.99 -0.006671 0.1287 0.03050 0.07825 0.04532
WP13-C1-S2 Igneous quartz 1553.6 4.418 6.313 5.134 127.9 467500 20.94 16.73 121.9 39.96 41.87 0.09614 0.09407 0.4031 13.07 -0.01915
WP13-C1-S3 Igneous quartz 1553.6 5.814 -1.581 0.03740 45.71 467500 21.39 0.08405 -50.80 46.83 47.34 0.009149 0.02407 0.03400 -0.1078 -0.04800
WP13-C1-S4 Igneous quartz 1553.6 4.514 2.762 0.2448 110.4 467500 21.41 17.43 -55.61 46.20 46.15 0.009796 0.04611 0.2636 5.539 -0.002590
WP22-C2-S1 Igneous quartz 2588.2 1.389 -0.9048 0.004946 38.23 467500 18.72 0.1614 15.51 2.000 2.205 0.02398 -0.1607 0.09006 -0.1145 -0.03132
WP22-C2-S2 Igneous quartz 2588.2 0.9747 -7.615 0.03299 22.55 467500 23.33 -1.483 -4.810 1.496 0.9437 0.009373 -0.2203 0.06087 2.382 0.2394
WP22-C2-S3 Igneous quartz 2588.2 1.834 -5.302 0.002747 25.45 467500 17.74 -0.1225 31.19 1.068 0.9079 -0.01279 0.008366 0.03744 2.634 0.05710
WP22-C2-S4 Igneous quartz 2588.2 2.111 -4.391 0.004130 40.96 467500 16.47 -0.4506 -14.27 1.386 1.492 0.007679 0.1506 -0.001938 2.219 0.05577
WP22-C2-S5 Igneous quartz 2588.2 0.8067 -0.9838 -0.01007 24.73 467500 20.89 -0.1386 13.05 1.136 1.519 -0.003121 -0.03824 0.09174 7.653 0.2090
WP06-C1-S1 Igneous quartz 1429.0 2.276 58.15 0.5912 52.79 467500 13.61 13.60 23.28 37.72 38.14 0.008159 0.07529 0.5406 41.92 0.6217
WP06-C1-S2 Igneous quartz 1429.0 2.205 28.37 0.2279 44.60 467500 12.88 9.698 27.04 6.428 5.065 0.007332 -0.04013 0.09060 2.105 0.6233
WP06-C1-S3 Igneous quartz 1429.0 1.688 5.500 0.07861 23.37 467500 11.09 2.083 28.81 4.993 4.550 -0.003248 -0.01260 0.01470 -0.1204 0.1170
WP06-C1-S4 Igneous quartz 1429.0 1.249 11.11 0.03707 20.58 467500 12.59 2.315 -4.533 5.162 5.109 0.003645 0.02537 0.05198 -0.5472 0.3147
WP64-C4-S1 Igneous quartz 704.8 3.232 0.4662 0.08720 50.33 467500 28.91 2.642 -127.0 14.82 20.77 0.005521 -0.02218 0.07837 12.66 0.3806
WP64-C4-S2 Igneous quartz 704.8 3.570 3.940 0.4618 61.08 467500 17.69 10.84 44.50 15.46 15.69 0.001617 0.04490 0.1852 1.014 0.2916
WP64-C4-S3 Igneous quartz 704.8 2.560 3.214 0.1684 49.39 467500 19.81 4.421 -32.51 14.12 13.22 -0.0005815 0.05242 0.07581 8.538 0.2142
WP64-C4-S3 Igneous quartz 704.8 4.018 -2.109 0.2874 59.01 467500 19.20 1.494 69.79 13.26 12.86 -0.004800 -0.02353 0.05503 1.383 0.05789
WP52-C1-S1 Igneous quartz 785.5 0.8428 14.74 0.1282 46.66 467500 8.548 5.021 -44.56 58.07 58.52 -0.006721 0.05680 0.07330 2.006 0.4651
WP52-C1-S2 Igneous quartz 785.5 1.169 -1.290 0.1775 73.81 467500 13.69 8.856 24.00 57.50 60.18 -0.0005983 0.2696 0.3709 -0.1489 0.2279
WP52-C1-S3 Igneous quartz 785.5 0.05361 9.875 2.514 61.26 467500 30.58 15.84 12.83 36.62 37.28 0.04514 -0.06164 0.2653 582.4 5.318
WP52-C2-S1 Igneous quartz 785.5 0.3368 7.536 0.02363 36.49 467500 7.247 2.331 7.330 6.126 6.310 0.01985 0.4872 0.03872 25.38 0.07395
WP52-C2-S2 Igneous quartz 785.5 0.4410 28.01 0.08890 34.60 467500 12.84 4.102 40.38 7.363 7.058 0.008892 0.02417 0.06811 0.4044 0.1355




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
WP52-C2-S4 Igneous quartz 785.5 0.5794 24.30 0.3844 55.19 467500 10.78 10.66 -12.45 7.736 8.633 0.02067 -0.07117 0.2135 3.845 0.09985
WP65-C1-S1 Igneous quartz 609.4 3.026 0.3191 0.2604 32.79 467500 7.859 -0.4096 -44.64 7.151 8.909 -0.01734 -0.08152 0.06263 3.063 0.7057
WP65-C1-S3 Igneous quartz 609.4 5.546 -0.9173 0.1832 46.35 467500 14.51 0.7530 -1.421 7.563 8.019 -0.008546 0.05404 0.02113 2.692 0.02430
WP65-C1-S4 Igneous quartz 609.4 4.106 -0.7305 0.06978 36.07 467500 10.89 2.069 -27.66 8.219 9.321 0.01011 0.1086 -0.01422 4.855 -0.008715
WP23-C1-S1 Igneous quartz 1688.3 8.124 0.7822 0.1482 52.81 467500 16.57 0.2949 3.425 55.34 55.93 0.002733 0.04275 0.1004 0.2782 0.05292
WP23-C1-S2 Igneous quartz 1688.3 8.406 6.731 0.3553 97.00 467500 20.11 12.99 10.61 81.70 81.43 0.1410 0.2777 0.2094 297.8 0.2233
WP23-C1-S3 Igneous quartz 1688.3 6.171 2.740 0.1110 51.30 467500 14.44 0.4373 -4.825 39.66 37.97 0.2125 -0.1077 0.07657 6.632 0.09608
WP23-C1-S4 Igneous quartz 1688.3 7.727 2.670 0.3786 88.90 467500 16.14 6.516 -33.74 76.88 77.07 0.03369 0.09009 0.1625 31.79 0.08154
WP23-C2-S1 Igneous quartz 1688.3 8.167 -1.050 1.003 85.24 467500 12.94 7.876 -1.429 49.12 48.39 0.004367 -0.07316 0.2174 1.562 -0.004272
WP23-C2-S2 Igneous quartz 1688.3 8.410 -2.349 0.1773 70.01 467500 10.74 0.8722 44.85 51.51 54.26 0.006977 -0.1304 0.1385 0.6058 0.02875
WP23-C2-S3 Igneous quartz 1688.3 7.575 0.4782 0.2219 81.48 467500 11.71 2.078 -3.828 60.33 58.51 -0.001639 0.04227 0.1582 1.264 -0.01251
WP23-C2-S4 Igneous quartz 1688.3 5.505 0.6988 0.6217 76.05 467500 14.59 4.114 81.25 50.48 50.05 0.01139 0.06855 0.2236 1.054 -0.03070
WP07-C4-S1 Igneous quartz 1360.2 3.403 4.317 0.01328 56.14 467500 24.19 11.02 -26.55 32.17 31.49 -0.01411 -0.05856 0.2215 6.315 0.06329
WP07-C4-S2 Igneous quartz 1360.2 5.335 15.78 0.2722 60.93 467500 15.13 7.154 77.07 43.97 45.30 0.005759 -0.003221 0.07084 0.9842 0.01982
WP07-C4-S3 Igneous quartz 1360.2 5.045 2.883 0.2164 52.32 467500 18.19 3.855 18.05 48.55 49.70 0.004418 -0.05200 0.08531 4.828 0.1556




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP46-C1-S1 Vein Quartz 372.6
WP46-C1-S2 Vein Quartz 372.6
WP46-C1-S3 Vein Quartz 372.6
WP46-C1-S4 Vein Quartz 372.6
WP46-C1-S5 Vein Quartz 372.6
WP46-C1-S6 Vein Quartz 372.6
WP46-C1-S7 Vein Quartz 372.6
WP46-C1-S8 Vein Quartz 372.6
WP46-C1-S9 Vein Quartz 372.6
WP46-C1-S10 Vein Quartz 372.6
WP46-C1-S11 Vein Quartz 372.6
WP46-C1-S12 Vein Quartz 372.6
WP46-C1-S13 Vein Quartz 372.6
WP46-C1-S14 Vein Quartz 372.6
WP46-C1-S15 Vein Quartz 372.6
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C1-S5 Vein Quartz 1546.4
WP03-C2-S1 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C2-S5 Vein Quartz 1546.4
WP13-C3-S1 Vein Quartz 1553.6
WP13-C3-S2 Vein Quartz 1553.6
WP13-C3-S3 Vein Quartz 1553.6
WP13-C3-S4 Vein Quartz 1553.6
WP13-C5-S1 Vein Quartz 1553.6
WP13-C5-S2 Vein Quartz 1553.6
WP13-C5-S3 Vein Quartz 1553.6
WP13-C5-S4 Vein Quartz 1553.6
WP22-C4-S1 Vein Quartz 2588.2
WP22-C4-S2 Vein Quartz 2588.2
WP22-C4-S3 Vein Quartz 2588.2
WP22-C4-S4 Vein Quartz 2588.2
WP22-C4-S5 Vein Quartz 2588.2
WP06-C2-S1 Vein Quartz 1429.0
WP06-C2-S2 Vein Quartz 1429.0
WP06-C2-S3 Vein Quartz 1429.0
WP06-C2-S4 Vein Quartz 1429.0
WP06-C3-S2 Vein Quartz 1429.0
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.1271 -0.04806 1.106 4.296 0.01039 0.4879 0.008285 -0.02549 0.09471 0.01148 -0.01294 -0.005370
-0.01807 0.1742 0.8387 4.790 0.01499 0.08424 0.005913 0.000 -0.01702 0.003408 0.005940 0.005505
0.03144 -0.001554 0.8248 3.829 0.02982 0.05724 0.002747 -0.009809 0.004419 0.007407 0.004506 -0.00005791
0.02348 -0.02653 1.035 3.585 0.09949 0.1524 -0.006691 0.006451 -0.008158 0.005294 0.002156 0.004787
0.05479 0.2825 0.9334 3.757 0.05234 0.1701 0.01841 0.04154 0.02361 0.006987 0.01510 0.004215
0.1383 0.08904 0.8666 3.941 0.01567 0.07378 0.007533 -0.0009122 -0.004201 -0.00001637 -0.001365 0.001445
0.1795 0.1072 0.9241 3.708 0.03660 0.2135 -0.0002373 0.1769 0.1190 0.006855 0.0004674 -0.0008372
1.014 0.01827 0.7670 2.984 0.07582 0.4334 0.01069 0.04569 0.04291 0.006565 -0.009056 -0.004425
0.1409 0.09731 0.9440 3.653 0.009839 0.2100 0.001694 0.05868 0.06444 0.01068 -0.002163 -0.002235
0.1187 0.02152 0.8079 3.680 0.06020 0.2357 -0.001905 0.02970 0.007220 0.01332 0.004240 0.004722
0.2599 -0.05441 0.8486 4.139 0.01059 0.09214 0.001757 0.01129 0.02120 0.005516 -0.004555 -0.002889
-0.03459 0.01579 0.7932 4.196 0.004249 0.03613 0.002993 -0.004757 -0.009383 0.006180 0.001035 0.0005060
0.04601 0.09706 0.7712 3.847 0.003955 0.05037 -0.005688 -0.001584 0.0008892 0.002558 -0.0006608 0.003276
0.1911 -0.02673 0.7750 3.618 0.02370 0.1254 0.002358 -0.01444 0.07271 0.002291 -0.01421 -0.002842
-0.02674 0.07234 0.8055 4.989 0.005225 0.09482 0.0008979 0.006522 0.001040 0.003942 0.004692 0.005051
0.07548 -0.03004 2.856 7.694 0.02844 0.06251 0.01075 -0.002639 0.008160 0.01723 0.001382 0.004866
0.7336 0.09555 3.327 6.567 0.1672 0.1374 -0.005350 0.006236 0.05735 0.04355 0.002027 -0.003079
1.844 0.2697 3.044 7.957 0.07390 0.1693 0.009061 0.004768 0.05767 0.03283 0.01559 -0.002096
0.4366 0.1394 2.982 8.167 0.05541 0.09629 0.001028 0.006694 0.03119 0.01666 -0.004416 0.0007509
0.1954 0.07066 2.514 8.719 0.02014 0.07208 0.0002731 0.0001622 0.01828 0.01701 -0.006620 -0.0008398
-0.0001383 0.05031 3.191 7.991 0.02798 0.03420 0.0001173 0.006281 0.4563 0.01162 -0.008416 0.001682
0.2416 0.08091 2.884 8.148 0.006372 0.07944 -0.0007008 -0.0003390 -0.004594 0.007385 -0.005641 0.004434
0.05861 -0.02209 2.918 8.743 0.007728 0.007721 0.002034 -0.006197 -0.0007996 0.008079 -0.006328 0.0003036
0.1472 -0.03798 3.341 8.689 0.01311 0.001633 0.001928 0.002054 0.01340 0.03278 -0.007842 -0.001840
0.1119 0.06722 3.402 6.934 0.007082 0.02309 -0.0002044 -0.001067 0.02769 0.007829 -0.009092 0.0003297
-0.01060 -0.02703 1.059 0.06114 -0.005072 0.01006 0.002428 0.01825 0.02205 0.000007255 -0.0006318 0.00008059
0.08564 0.02983 1.125 0.03005 -0.001176 0.007447 -0.003260 -0.002556 0.01207 -0.00002910 0.005368 -0.0005494
0.03245 -0.09242 1.017 0.05699 0.005091 0.01370 -0.007869 0.02160 -0.01676 0.002250 -0.002070 0.0001893
0.02657 0.007466 1.232 0.07222 0.03648 0.05234 0.0009744 0.02753 0.03919 0.01839 0.0007690 -0.0005962
1.045 0.08625 1.202 0.06758 0.02814 0.07328 0.001897 -0.004435 -0.02403 0.003306 -0.0008978 -0.002374
0.02778 -0.01873 1.254 -0.007121 0.02121 0.3221 0.006529 -0.004499 0.06722 0.002803 0.006422 0.001152
0.08183 0.07768 1.267 0.1123 0.005300 0.05235 0.01102 0.006582 -0.002994 0.01251 -0.002123 0.002056
0.08425 0.1165 1.298 -0.007334 0.008191 0.04595 -0.001254 0.003764 0.005409 0.002565 0.0003832 0.001794
-0.01616 0.03011 1.206 0.1169 -0.002997 0.01263 0.0005128 0.01017 0.009581 0.0008579 0.006825 -0.001220
0.2622 -0.01616 1.476 0.1396 0.007285 0.01342 -0.007538 0.006689 0.01786 -0.003951 0.0006905 0.005039
0.3468 0.2390 1.450 0.1244 0.05465 0.05004 -0.004954 -0.003115 0.01262 0.01450 0.009579 -0.0007086
0.2778 0.1600 1.696 0.07907 0.01267 0.02918 -0.002300 0.01941 0.2036 0.006304 -0.004580 0.001500
0.5572 0.1336 1.445 0.2781 0.09998 0.1339 -0.001791 0.01488 0.1087 0.01957 -0.005598 0.008740
0.07516 0.05392 0.4279 -0.003908 0.04024 0.08695 -0.003219 0.006347 -0.002494 0.01600 0.005568 -0.003289
0.006301 0.09307 0.4585 0.08732 0.02372 0.1346 -0.001518 -0.003251 0.01427 0.003174 -0.009489 0.003266
0.01101 0.08880 0.4111 0.1055 0.02730 0.1040 0.002593 0.02286 0.01804 0.006892 0.003404 0.002269
-0.05638 0.05816 0.4674 0.03445 0.02262 0.07726 0.001645 -0.01005 -0.007587 0.008048 -0.001614 -0.001365




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP06-C3-S3 Vein Quartz 1429.0
WP06-C3-S4 Vein Quartz 1429.0
WP53-C1-S1 Vein Quartz 548.8
WP53-C1-S2 Vein Quartz 548.8
WP53-C1-S3 Vein Quartz 548.8
WP53-C1-S4 Vein Quartz 548.8
WP53-C1-S5 Vein Quartz 548.8
WP53-C2-S1 Vein Quartz 548.8
WP53-C2-S2 Vein Quartz 548.8
WP53-C2-S3 Vein Quartz 548.8
WP53-C2-S4 Vein Quartz 548.8
WP53-C2-S5 Vein Quartz 548.8
WP05-C1-S1 Vein Quartz 1429.0
WP05-C1-S2 Vein Quartz 1429.0
WP05-C1-S3 Vein Quartz 1429.0
WP05-C1-S4 Vein Quartz 1429.0
WP05-C2-S1 Vein Quartz 1429.0
WP05-C2-S2 Vein Quartz 1429.0
WP05-C2-S3 Vein Quartz 1429.0
WP05-C2-S4 Vein Quartz 1429.0
WP05-C2-S5 Vein Quartz 1429.0
WP05-C3-S1 Vein Quartz 1429.0
WP05-C3-S2 Vein Quartz 1429.0
WP05-C3-S3 Vein Quartz 1429.0
WP05-C3-S4 Vein Quartz 1429.0
WP64-C1-S1 Vein Quartz 704.8
WP64-C1-S2 Vein Quartz 704.8
WP64-C1-S3 Vein Quartz 704.8
WP64-C1-S4 Vein Quartz 704.8
WP64-C2-S1 Vein Quartz 704.8
WP64-C2-S2 Vein Quartz 704.8
WP64-C2-S4 Vein Quartz 704.8
WP64-C3-S1 Vein Quartz 704.8
WP64-C3-S2 Vein Quartz 704.8
WP64-C3-S3 Vein Quartz 704.8
WP52-C3-S1 Vein Quartz 785.5
WP52-C3-S2 Vein Quartz 785.5
WP52-C3-S3 Vein Quartz 785.5
WP52-C3-S4 Vein Quartz 785.5
WP65-C2-S3 Vein Quartz 609.4
WP65-C2-S4 Vein Quartz 609.4
WP65-C3-S1 Vein Quartz 609.4
WP65-C3-S2 Vein Quartz 609.4
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.1398 0.1795 0.4264 0.1100 0.04152 0.09236 -0.001074 -0.01799 0.01490 0.005929 0.008498 0.005974
0.03484 0.1015 0.5452 0.1184 0.01147 0.2350 0.005893 -0.003310 -0.01105 0.004202 0.004933 0.001772
0.4905 0.01213 1.045 0.1797 0.09088 0.02523 0.001915 0.007343 0.04150 0.04085 -0.01379 -0.003220
0.06626 0.07539 0.9932 0.06774 0.2099 0.07103 0.008236 0.01684 0.002784 0.1028 -0.002953 -0.005334
0.08025 0.01718 0.8972 0.1186 0.05735 0.02115 0.006331 -0.01168 0.02499 0.01007 0.0006809 0.001744
0.1597 -0.02623 0.9862 0.1485 0.09069 0.02751 0.005485 -0.007659 0.03962 0.01251 0.006893 0.004063
0.2520 0.09751 1.028 0.1986 0.02362 0.02831 0.003073 0.01869 -0.009106 0.01523 -0.0004942 -0.004862
1.547 0.2103 1.200 0.2084 0.03188 0.1059 0.007642 0.02582 0.01194 0.01652 0.003443 -0.002319
0.1747 0.001910 1.231 0.1548 0.01610 0.06169 0.005599 0.006594 0.0009177 0.02367 -0.001739 -0.004377
0.3324 0.03475 1.477 0.2266 0.2263 0.1294 0.08548 -0.002700 0.0009875 0.08748 -0.003348 0.01038
0.04684 0.003903 1.017 0.1215 0.07561 0.02251 0.01341 -0.002033 0.02545 0.02108 0.006181 0.006523
2.137 -0.04533 1.066 0.1910 0.07945 0.1119 0.01021 0.03937 0.004988 0.02706 -0.0008722 -0.002264
0.005914 0.1135 0.3331 0.1382 0.02947 0.08305 -0.001262 -0.03303 0.03608 0.004935 0.001708 -0.002896
1.321 0.1417 0.5861 0.1803 0.03032 0.2536 0.003951 -0.01693 0.03880 0.01443 -0.001943 0.001603
0.04438 0.09070 0.5406 0.01183 0.003486 0.04756 -0.001908 -0.03571 -0.006834 0.003297 0.003419 0.005477
0.03931 -0.001937 0.5433 0.1735 -0.007587 0.03046 0.01001 0.0002871 -0.0009852 0.001534 0.003484 0.001866
0.8559 0.01230 0.7871 -0.03741 0.02366 0.04393 -0.002506 -0.0002279 -0.002769 0.005160 -0.009414 -0.003064
1.955 0.1006 1.767 0.06844 0.02570 0.2532 0.008020 0.05004 0.002668 0.003229 -0.01557 -0.001681
0.5087 -0.1132 0.8762 0.1219 0.01243 0.03515 -0.005118 -0.02605 0.01148 0.002825 -0.002096 -0.008327
0.05159 0.07240 0.8504 0.2007 0.02383 0.02896 0.002276 -0.001026 0.004937 0.005549 0.004538 -0.0002504
0.03196 0.03828 0.5445 0.06215 0.03593 0.06586 0.0002362 -0.003568 0.01386 0.005597 0.02028 -0.004619
0.1422 0.05546 2.521 0.3137 0.07097 0.3674 0.00002079 0.003775 0.06576 0.05156 0.005512 0.006053
0.3686 0.04189 2.581 0.1048 0.01269 0.1036 0.001182 0.006842 0.1138 0.003601 0.001663 0.003715
0.03219 0.1248 1.504 0.1734 0.01175 0.04851 0.008696 -0.008930 -0.02245 0.01253 -0.008986 -0.002716
3.463 0.003285 1.733 0.1986 0.04992 0.1390 -0.004019 0.007678 0.02477 0.01501 -0.002016 0.001850
0.2310 0.03807 1.268 0.09618 0.01341 0.05525 0.0004991 0.6442 0.03718 0.005654 -0.003358 0.0004871
0.2021 -0.07964 1.129 0.1488 0.02896 0.007490 0.0002983 -0.006619 0.05043 0.003054 0.006359 -0.005730
0.3917 0.07612 1.335 0.01151 0.04355 0.02588 -0.004082 0.009274 -0.06772 0.02140 -0.009214 0.0009913
0.09447 0.01719 1.272 0.08563 0.1159 0.03085 -0.002263 0.004994 0.03837 0.008142 0.005138 0.003490
2.210 0.5620 1.533 0.2715 0.3577 0.07234 -0.001702 -0.009351 0.008370 0.01807 0.01676 -0.002397
0.09673 0.2111 2.040 0.3060 0.4464 0.05669 0.005284 0.03836 0.05831 0.007566 -0.005527 0.003504
1.504 0.2390 1.960 0.1296 0.2678 0.05700 -0.004901 0.01086 0.08280 0.02306 0.003623 0.003305
0.1037 -0.06299 1.097 0.2761 0.003796 0.002945 0.005979 0.01349 -0.01213 0.001844 0.0004274 -0.005262
7.903 0.06376 1.774 0.09598 0.1552 0.05226 0.007229 0.005088 -0.009170 0.03903 -0.007864 0.001821
5.316 0.5021 1.373 0.1565 0.02265 0.04745 -0.002562 0.002931 0.04277 0.01474 0.01997 -0.003704
-0.01774 0.3560 0.4670 0.03130 0.07263 0.2622 0.01670 0.01498 0.01302 0.01373 -0.02256 0.002401
0.004018 0.1769 0.5294 0.07463 0.01792 0.09341 -0.004603 0.02647 -0.006067 0.006171 -0.005857 -0.002954
0.1536 0.02047 0.5017 0.1482 0.02115 0.4811 0.008790 0.004704 0.04669 0.008138 0.003874 0.001896
0.03330 0.1078 0.4812 0.04076 0.02791 0.1248 -0.002625 0.01203 -0.0007518 0.005748 0.004793 0.001869
0.2434 0.07002 1.273 0.01985 0.4167 0.3516 -0.001164 -0.01841 -0.02703 0.009895 -0.008615 0.002762
0.06680 0.05557 0.9937 -0.05232 0.04010 0.05610 -0.002155 -0.004372 0.01694 0.01234 -0.007882 -0.0001377
0.03782 0.1311 0.9605 0.07515 0.03506 0.1564 -0.0004360 -0.00009849 0.0008147 0.01321 0.006796 0.004006




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP65-C3-S3 Vein Quartz 609.4
WP65-C3-S4 Vein Quartz 609.4
WP65-C4-S1 Vein Quartz 609.4
WP65-C4-S2 Vein Quartz 609.4
WP65-C4-S3 Vein Quartz 609.4
WP65-C4-S4 Vein Quartz 609.4
WP23-C5-S2 Vein Quartz 1688.3
WP07-C1-S3 Vein Quartz 1360.2
WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP07-C4-S1 Vein Quartz 1360.2
WP07-C4-S2 Vein Quartz 1360.2
WP07-C4-S3 Vein Quartz 1360.2
WP07-C4-S4 Vein Quartz 1360.2
WP07-C1-S1 Vein Quartz 1360.2
WP07-C1-S3 Vein Quartz 1360.2
WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C3-S1 Vein Quartz 1546.4
WP03-C3-S2 Vein Quartz 1546.4
WP03-C3-S3 Vein Quartz 1546.4
WP03-C3-S4 Vein Quartz 1546.4
WP03-C4-S1 Vein Quartz 1546.4
WP03-C4-S2 Vein Quartz 1546.4
WP03-C4-S3 Vein Quartz 1546.4
WP03-C4-S4 Vein Quartz 1546.4
WP63-C1-S1 Breccia Cement 0.0
WP63-C1-S2 Breccia Cement 0.0
WP63-C1-S3 Breccia Cement 0.0
WP63-C2-S1 Breccia Cement 0.0
WP63-C2-S2 Breccia Cement 0.0
WP63-C2-S3 Breccia Cement 0.0
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.1813 0.1807 0.9655 -0.02516 0.02453 0.1313 -0.001164 -0.01492 -0.01096 0.01250 -0.001037 0.004229
0.002883 0.1654 0.9164 0.04048 0.09561 0.2329 -0.003147 -0.005258 0.005290 0.02535 0.001883 0.003266
0.7385 0.09382 0.8881 -0.01892 0.02060 0.1601 -0.004268 0.008810 0.01726 0.008914 0.01497 0.005962
-0.01364 0.008949 0.9316 0.002119 0.01253 0.01726 0.002938 0.01084 -0.003896 0.003317 0.003986 0.003480
0.02145 0.03590 0.9886 -0.004067 -0.0005210 0.01893 -0.003937 0.01511 0.005253 0.01309 0.002767 0.001354
0.4456 0.1520 1.225 -0.007151 0.03260 0.05464 -0.002976 0.03262 0.05333 0.005454 -0.006031 0.005485
0.1232 0.4833 1.067 1.504 0.1899 0.2720 0.005630 -0.01263 0.01450 0.03162 -0.0007460 -0.001283
0.3742 0.1823 0.9446 6.926 0.03854 0.7287 0.1495 0.04371 0.1128 0.01733 -0.02199 0.0006399
0.3981 0.1036 1.088 6.603 0.02448 0.3292 0.1449 0.007523 0.09828 0.004871 -0.004603 0.0003024
0.1075 0.07328 0.4246 9.079 0.02538 0.01702 0.004787 0.001145 0.01131 0.001671 -0.001715 -0.004586
-0.05718 0.05350 0.4367 8.082 0.02595 0.01164 0.007089 -0.004304 0.02842 0.002733 -0.002528 0.001756
0.2391 0.1309 0.4620 9.326 0.1315 0.1449 0.009363 0.05015 0.04582 0.04351 -0.004832 0.002636
0.08987 0.007902 0.3967 6.891 0.04664 0.006472 0.002997 0.0005413 0.005719 0.007249 0.01206 -0.0006820
0.1136 0.1117 0.5056 7.328 0.04829 0.008882 0.002646 0.0007833 0.05383 0.01008 -0.003804 -0.002439
0.1364 0.03360 0.3798 6.011 0.03872 0.01441 0.004018 -0.009282 -0.006608 0.0008633 -0.007981 0.009706
0.1206 0.06280 0.5162 7.156 0.03441 0.003887 -0.001369 0.006012 0.02084 -0.0003851 0.003253 -0.0001840
2.582 0.2035 0.8788 6.685 0.01478 1.213 0.07028 0.02675 0.4806 0.01439 -0.0008680 -0.008271
0.3742 0.1823 0.9446 6.926 0.03854 0.7287 0.1495 0.04371 0.1128 0.01733 -0.02199 0.0006399
1.333 0.1820 1.116 7.051 0.02604 0.2748 0.1348 0.009884 0.1037 0.004581 -0.007307 0.002618
0.2392 0.06745 0.4089 9.672 0.03058 0.01760 0.006348 0.002534 0.01346 -0.0004745 0.007869 -0.006222
-0.02994 -0.006685 0.3839 8.067 0.03852 0.01421 0.002781 0.001301 0.01257 0.004639 -0.008271 -0.001796
0.08803 0.09477 0.4313 9.776 0.04757 0.03211 0.01540 -0.003200 0.004348 0.02196 0.003373 -0.001574
0.2432 -0.04495 0.9047 8.250 0.01229 0.1650 -0.001695 0.01460 0.01542 0.01170 0.03173 -0.001269
0.04153 0.1093 0.5299 9.065 0.009136 0.2452 -0.0005547 -0.008026 0.0008410 0.01108 0.0003606 -0.0004152
-0.006208 0.08556 0.5776 9.450 0.002127 0.1764 -0.001342 0.004510 0.01328 0.01076 0.004765 0.0008487
0.05527 0.05061 0.4914 9.173 0.01144 0.3171 -0.0006188 0.003879 -0.001904 0.01108 -0.004528 0.0007030
0.01484 0.2102 0.5173 7.454 0.01709 0.1239 -0.0002797 0.0008916 0.01278 0.005900 0.002968 -0.003477
0.02450 0.01982 0.4504 7.961 0.04741 0.2283 -0.0003270 0.006517 0.01613 0.01311 0.001021 -0.002449
0.01441 0.08863 0.5036 8.791 0.01148 0.1349 0.005356 -0.001132 0.03521 0.01525 -0.0006646 0.002786
0.009743 0.07024 1.996 11.96 0.01814 0.04642 0.003867 -0.005834 0.0005581 0.007735 0.003106 0.001660
0.7613 0.08106 1.706 13.94 0.07672 0.2029 0.003146 0.01934 0.01123 0.02386 0.003087 -0.001821
0.01260 0.04448 1.789 12.83 0.03655 0.04766 -0.0005440 -0.01907 -0.002958 0.01163 -0.007395 -0.001732
1.181 0.02633 1.802 12.47 0.03348 0.2555 0.001085 0.003479 -0.002369 0.02169 0.001693 -0.0004810
0.1112 0.06373 1.949 13.15 0.04742 0.1272 0.003046 0.008284 0.009337 0.02098 0.01520 -0.002544
-0.02068 0.01003 1.439 10.99 0.04871 0.7207 0.004138 -0.009930 0.02317 0.04024 -0.01085 -0.001736
0.02385 0.06025 1.995 11.86 0.04765 0.2072 0.005205 -0.008297 0.01398 0.02173 -0.004251 -0.004081
1.100 0.08881 2.503 10.73 0.02321 0.009488 -0.002057 0.1813 -0.01017 0.009262 -0.01285 0.004471
0.02474 0.08967 0.4159 0.06334 0.05897 0.09933 0.003508 0.003453 0.03018 0.004608 -0.001837 -0.001083
-0.03161 -0.03403 0.6155 0.1487 0.05146 0.1477 0.004504 -0.009016 -0.006855 0.0003678 0.005626 -0.002285
0.09397 -0.02442 0.4845 -0.04724 0.05302 0.06821 0.004050 0.01926 -0.0005993 0.001633 0.01206 0.004828
0.02972 -0.05098 0.4606 0.02572 0.05059 0.07793 0.005112 -0.0007644 0.008903 -0.0001796 0.0007994 0.001253
0.06800 0.1889 0.5400 0.02954 0.09254 0.1292 0.002515 0.01978 0.04375 -0.001723 0.01113 0.001168




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP63-C3-S1 Breccia Cement 0.0
WP02-C1-S1 Breccia Cement 132.2
WP02-C1-S2 Breccia Cement 132.2
WP02-C1-S4 Breccia Cement 132.2
WP02-C1-S5 Breccia Cement 132.2
WP02-C1-S6 Breccia Cement 132.2
WP02-C1-S7 Breccia Cement 132.2
WP02-C1-S9 Breccia Cement 132.2
WP02-C1-S10 Breccia Cement 132.2
WP02-C1-S11 Breccia Cement 132.2
WP02-C1-S12 Breccia Cement 132.2
WP02-C2-S1 Breccia Cement 132.2
WP02-C2-S2 Breccia Cement 132.2
WP02-C2-S3 Breccia Cement 132.2
WP02-C2-S4 Breccia Cement 132.2
WP03-C3-S1 Igneous quartz 1546.4
WP03-C3-S2 Igneous quartz 1546.4
WP03-C3-S3 Igneous quartz 1546.4
WP03-C3-S4 Igneous quartz 1546.4
WP03-C3-S5 Igneous quartz 1546.4
WP13-C1-S1 Igneous quartz 1553.6
WP13-C1-S2 Igneous quartz 1553.6
WP13-C1-S3 Igneous quartz 1553.6
WP13-C1-S4 Igneous quartz 1553.6
WP22-C2-S1 Igneous quartz 2588.2
WP22-C2-S2 Igneous quartz 2588.2
WP22-C2-S3 Igneous quartz 2588.2
WP22-C2-S4 Igneous quartz 2588.2
WP22-C2-S5 Igneous quartz 2588.2
WP06-C1-S1 Igneous quartz 1429.0
WP06-C1-S2 Igneous quartz 1429.0
WP06-C1-S3 Igneous quartz 1429.0
WP06-C1-S4 Igneous quartz 1429.0
WP64-C4-S1 Igneous quartz 704.8
WP64-C4-S2 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP52-C1-S1 Igneous quartz 785.5
WP52-C1-S2 Igneous quartz 785.5
WP52-C1-S3 Igneous quartz 785.5
WP52-C2-S1 Igneous quartz 785.5
WP52-C2-S2 Igneous quartz 785.5
WP52-C2-S3 Igneous quartz 785.5
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
5.216 0.4469 1.094 -0.05658 0.1688 0.2057 -0.0007579 0.1157 0.004538 0.03851 0.01634 0.001223
0.06555 0.1764 1.555 7.860 0.07754 0.01695 -0.002839 -0.002719 0.01758 0.002075 0.002887 -0.006010
0.4548 0.2046 1.581 8.445 0.5186 0.09254 0.008014 -0.003377 -0.005950 0.05188 0.01280 -0.0002488
0.1008 -0.03408 1.510 8.795 0.09207 0.07319 0.004652 0.006419 0.02087 0.003260 0.0008845 0.0004297
0.1206 0.2644 1.555 8.721 0.009927 0.03067 0.005830 -0.02286 0.01885 -0.001633 -0.01439 0.0005139
0.1060 0.08368 1.764 8.567 0.07983 0.05099 0.002789 -0.01419 0.01367 0.003602 0.001012 0.004326
0.3209 0.1578 1.358 8.555 0.05191 0.07699 0.007326 0.009156 0.01292 0.005403 0.001649 0.0005827
0.001313 -0.06618 1.695 8.235 0.04915 0.01203 -0.002368 -0.001986 -0.009192 0.003098 -0.009277 0.01603
0.3560 0.1843 1.706 7.865 0.09058 0.03357 0.01061 0.002100 -0.009234 0.005975 0.01133 -0.0001765
0.1720 0.1173 1.507 8.828 0.01697 0.07820 -0.007059 0.006094 -0.001829 0.001752 -0.002200 0.002516
0.04470 0.03400 1.630 8.516 0.03462 0.05824 0.01201 -0.008444 0.007918 -0.007091 0.01086 -0.0002070
0.05656 0.1447 0.4891 12.33 0.1333 0.01649 0.004647 0.001723 0.006461 0.3755 -0.01413 0.007485
0.1367 0.09288 0.5562 10.31 0.09378 0.04947 0.002911 -0.003698 0.009334 0.03875 -0.002592 -0.001138
0.6271 0.02197 0.5599 10.45 0.1522 0.005572 0.007303 -0.007107 -0.001336 0.2355 0.01164 0.003597
0.06508 0.02488 0.5677 10.62 0.1119 0.2631 0.007017 0.01168 -0.0008766 0.1382 0.01530 -0.005723
0.01204 0.01301 2.872 7.910 0.004750 0.1803 0.006293 0.00008792 0.02182 0.009535 0.001703 0.001088
0.3502 0.003224 2.601 6.299 0.03464 0.04752 -0.0004511 0.003528 0.01344 0.02761 -0.02354 -0.004003
0.1888 0.07226 3.290 6.588 0.03627 0.3454 0.002010 -0.001416 0.03061 0.01811 -0.003448 0.003476
0.02382 0.01668 2.805 5.886 0.05597 0.08510 -0.0003685 -0.007681 0.03044 0.02254 -0.002835 -0.002777
0.002957 0.007195 2.765 6.762 0.004571 0.08211 -0.002301 0.01039 0.02727 0.009131 -0.006284 -0.003078
0.08989 -0.06305 0.4440 0.02832 0.007830 0.01917 -0.0003908 0.003857 -0.01935 0.001189 0.0005381 0.005602
0.1964 0.1294 0.7826 -0.05136 0.1539 0.4224 0.002677 -0.03513 0.03488 0.07653 0.005909 0.006485
0.05010 -0.05185 0.4221 0.04564 -0.02141 0.02101 -0.004660 -0.001382 -0.04871 0.003431 -0.002058 -0.002655
0.01215 0.1046 0.9516 0.02609 0.1703 0.3740 0.002784 -0.01458 0.03654 0.07834 0.005030 0.0008721
-0.08925 -0.01388 1.215 0.04813 0.02140 0.03009 -0.002620 -0.009264 0.01151 0.003154 -0.0006580 0.002914
0.09297 0.09454 1.110 0.05073 0.01226 -0.002767 -0.0008881 -0.01412 -0.003628 -0.004028 -0.003139 -0.001210
0.09899 0.02559 1.681 0.09993 0.004114 0.003585 0.004219 -0.003103 -0.003871 0.0002485 -0.004065 0.0009284
-0.02296 0.02738 1.586 -0.01548 -0.002706 0.005934 0.000 0.02235 0.002212 0.000 0.000 0.001392
0.1202 0.002789 1.594 0.06919 0.01223 0.01999 -0.0009348 0.02195 -0.01168 -0.001076 -0.006599 0.007911
0.6599 0.2325 0.6457 0.1961 0.1714 0.2283 0.01850 -0.002463 -0.001028 0.04439 0.004284 0.002618
0.6880 0.1090 2.450 0.1593 0.09241 0.1030 0.001841 -0.007995 0.03053 0.02351 -0.003066 -0.002754
0.1455 -0.006515 2.046 0.1096 0.02262 0.03978 0.008411 -0.004935 0.007151 0.004926 -0.0002986 -0.004859
0.4051 0.05947 2.000 0.1762 0.03526 0.06835 -0.0001686 0.006977 0.003182 0.01438 -0.006240 -0.001930
0.2264 0.003279 1.257 0.3434 0.002002 0.1009 0.004874 -0.02423 0.02600 0.003822 -0.009324 0.0009480
0.3202 0.01701 1.229 0.1267 0.04944 0.01977 0.0008190 -0.02425 -0.001028 0.01243 -0.008497 0.0004452
0.2353 0.09219 1.404 0.08798 0.01068 0.1852 0.005251 0.009874 0.01035 0.005915 0.007306 0.0001708
0.1572 0.03612 1.093 -0.008168 0.007157 0.04891 0.003476 0.008727 -0.002407 0.0004167 0.007894 -0.003401
0.5891 0.1607 0.4634 0.07509 0.009034 0.2185 0.001847 0.01334 -0.01720 0.01921 -0.01270 -0.0009451
0.1827 0.04272 0.5427 0.1261 0.06969 0.1796 0.004787 -0.003573 -0.004144 0.007487 -0.003288 0.001311
5.690 8.958 0.7937 0.3381 0.1139 0.6416 0.005948 0.02513 0.02152 0.04696 -0.01341 0.005254
0.2015 -0.04351 1.601 0.2094 0.01988 0.1042 -0.004070 -0.02073 -0.02283 0.007715 0.005089 -0.0003664
0.1601 0.04867 1.363 0.1022 0.04352 0.09500 0.004650 -0.001676 0.01080 0.01783 -0.003583 -0.002593




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP52-C2-S4 Igneous quartz 785.5
WP65-C1-S1 Igneous quartz 609.4
WP65-C1-S3 Igneous quartz 609.4
WP65-C1-S4 Igneous quartz 609.4
WP23-C1-S1 Igneous quartz 1688.3
WP23-C1-S2 Igneous quartz 1688.3
WP23-C1-S3 Igneous quartz 1688.3
WP23-C1-S4 Igneous quartz 1688.3
WP23-C2-S1 Igneous quartz 1688.3
WP23-C2-S2 Igneous quartz 1688.3
WP23-C2-S3 Igneous quartz 1688.3
WP23-C2-S4 Igneous quartz 1688.3
WP07-C4-S1 Igneous quartz 1360.2
WP07-C4-S2 Igneous quartz 1360.2
WP07-C4-S3 Igneous quartz 1360.2
WP07-C4-S4 Igneous quartz 1360.2
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.2119 0.04262 1.387 0.06245 0.07309 0.3991 -0.001656 -0.01383 0.008153 0.04522 -0.002430 0.003608
0.6809 0.2360 0.9623 -0.1361 0.005849 0.03327 -0.007162 -0.03542 0.02818 -0.0004551 0.003593 -0.009462
0.02599 0.1177 0.9374 0.04525 -0.007160 0.008897 -0.003010 0.004911 -0.005508 0.00005964 0.001178 -0.004229
0.07803 0.08603 0.9167 0.05763 0.001807 0.002720 -0.002525 -0.002741 -0.01566 0.005818 0.007905 0.001105
0.07899 0.03361 0.5868 4.281 0.003057 0.05673 0.001105 -0.005289 0.002664 0.007980 -0.004457 0.004130
0.07749 0.06063 0.6491 2.643 0.09902 0.08788 -0.0007529 -0.003191 -0.0005877 0.02257 -0.003563 0.01468
0.3631 0.1042 0.5857 2.614 0.001198 0.02538 0.002844 -0.01179 -0.002730 0.001205 -0.001613 0.0002339
0.1734 0.1593 0.6047 2.552 0.06890 0.08594 0.01378 -0.008767 0.02343 0.02605 -0.001094 -0.002694
-0.008611 0.04392 0.5922 2.322 0.06787 0.05233 0.006431 0.01165 0.003738 0.02043 0.004721 0.002948
0.007988 0.04862 0.5307 2.253 0.03226 0.02929 -0.0004111 -0.003471 -0.004534 0.008147 -0.006298 0.001470
0.07260 0.01291 0.5595 2.295 0.03210 0.07086 0.001624 -0.005348 -0.008300 0.03873 0.007766 0.003822
0.08047 0.1488 0.5417 1.649 0.03692 0.09290 -0.004879 0.01333 0.008592 0.02369 0.003064 -0.001292
0.1540 -0.01814 0.4176 7.767 0.07798 0.02526 0.006947 0.005616 0.009612 0.007537 0.006823 -0.003899
0.006044 0.1462 0.5253 7.333 0.05917 0.01152 -0.003142 0.0004734 0.2554 0.02250 -0.009827 -0.0004288
0.1787 0.02012 0.4070 6.926 0.03299 0.009965 0.003398 0.001581 0.0007875 0.001671 -0.009218 0.003833




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP46-C1-S1 Vein Quartz 372.6
WP46-C1-S2 Vein Quartz 372.6
WP46-C1-S3 Vein Quartz 372.6
WP46-C1-S4 Vein Quartz 372.6
WP46-C1-S5 Vein Quartz 372.6
WP46-C1-S6 Vein Quartz 372.6
WP46-C1-S7 Vein Quartz 372.6
WP46-C1-S8 Vein Quartz 372.6
WP46-C1-S9 Vein Quartz 372.6
WP46-C1-S10 Vein Quartz 372.6
WP46-C1-S11 Vein Quartz 372.6
WP46-C1-S12 Vein Quartz 372.6
WP46-C1-S13 Vein Quartz 372.6
WP46-C1-S14 Vein Quartz 372.6
WP46-C1-S15 Vein Quartz 372.6
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C1-S5 Vein Quartz 1546.4
WP03-C2-S1 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C2-S5 Vein Quartz 1546.4
WP13-C3-S1 Vein Quartz 1553.6
WP13-C3-S2 Vein Quartz 1553.6
WP13-C3-S3 Vein Quartz 1553.6
WP13-C3-S4 Vein Quartz 1553.6
WP13-C5-S1 Vein Quartz 1553.6
WP13-C5-S2 Vein Quartz 1553.6
WP13-C5-S3 Vein Quartz 1553.6
WP13-C5-S4 Vein Quartz 1553.6
WP22-C4-S1 Vein Quartz 2588.2
WP22-C4-S2 Vein Quartz 2588.2
WP22-C4-S3 Vein Quartz 2588.2
WP22-C4-S4 Vein Quartz 2588.2
WP22-C4-S5 Vein Quartz 2588.2
WP06-C2-S1 Vein Quartz 1429.0
WP06-C2-S2 Vein Quartz 1429.0
WP06-C2-S3 Vein Quartz 1429.0
WP06-C2-S4 Vein Quartz 1429.0
WP06-C3-S2 Vein Quartz 1429.0
Ta181 Au197** Pb208 Bi209 U238
-0.0009304 -0.005385 0.1456 -0.005483 0.01406
0.0001356 0.001261 0.01078 -0.002078 0.0001440
-0.00003788 -0.003369 0.01559 -0.00007167 0.0003620
0.0006887 -0.006109 0.09182 0.003947 0.005084
-0.0003444 -0.001493 0.03130 0.002170 0.006944
-0.001550 -0.008972 0.01839 -0.002226 0.0006807
-0.001169 0.009775 0.7548 0.008598 0.003052
0.001030 0.01518 0.1618 0.007066 0.02202
0.001252 0.005081 0.1556 0.005901 0.003752
0.0006763 0.003455 0.2414 0.004110 -0.0004699
-0.0003770 -0.001271 0.06504 0.002312 0.001721
0.0002476 -0.01178 -0.001824 0.007406 0.004063
-0.0009028 -0.004490 0.001583 -0.001265 -0.001577
-0.001029 0.0008900 0.1379 0.002452 0.007190
0.0003195 -0.001303 0.02425 -0.0003778 -0.0001148
-0.0007037 -0.0005692 0.01890 0.06756 -0.0006504
0.001918 0.001391 0.06070 0.05457 0.007332
0.002481 0.005407 0.6947 0.7496 0.003857
0.0002192 0.002727 0.3129 0.2560 0.006283
0.0004159 0.007644 0.1708 0.3257 0.001296
0.0006139 0.0007139 0.05718 0.08496 0.005808
0.0005299 0.003774 0.02645 0.01761 -0.0001074
-0.0001380 -0.003905 0.04307 0.04034 0.0005613
-0.0002986 0.0008863 0.1937 0.08542 0.0002171
0.001498 0.01128 0.04765 0.3004 0.002480
-0.0003314 0.002424 -0.0006005 -0.001091 -0.0005982
0.0002585 -0.001846 -0.002802 0.001018 -0.0007701
0.0009950 -0.001267 0.02124 0.001153 0.0004062
-0.00007302 0.007489 0.01501 0.002350 -0.0004337
-0.001640 -0.001949 0.04979 0.0009193 0.001351
0.001363 0.008119 0.00008260 0.001582 0.002288
-0.001680 0.002877 0.02948 0.001315 0.001869
0.0002224 -0.002166 0.01592 0.003906 0.0009445
-0.001327 0.009343 -0.002199 -0.002037 -0.002024
-0.0001600 0.003599 0.08675 0.003745 -0.0004655
0.0004227 -0.001046 0.1458 -0.002492 0.0005303
-0.0001076 -0.002076 0.1892 0.003911 0.001459
-0.001729 -0.0001898 0.2487 -0.0002235 0.01074
0.0005123 0.01173 0.02492 0.001310 -0.0002560
-0.0002348 0.0001498 0.02304 -0.0004923 -0.0004012
0.0003050 -0.001946 0.05001 0.002813 -0.00009003
0.001760 0.0001471 0.01347 0.004489 -0.0001182




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP06-C3-S3 Vein Quartz 1429.0
WP06-C3-S4 Vein Quartz 1429.0
WP53-C1-S1 Vein Quartz 548.8
WP53-C1-S2 Vein Quartz 548.8
WP53-C1-S3 Vein Quartz 548.8
WP53-C1-S4 Vein Quartz 548.8
WP53-C1-S5 Vein Quartz 548.8
WP53-C2-S1 Vein Quartz 548.8
WP53-C2-S2 Vein Quartz 548.8
WP53-C2-S3 Vein Quartz 548.8
WP53-C2-S4 Vein Quartz 548.8
WP53-C2-S5 Vein Quartz 548.8
WP05-C1-S1 Vein Quartz 1429.0
WP05-C1-S2 Vein Quartz 1429.0
WP05-C1-S3 Vein Quartz 1429.0
WP05-C1-S4 Vein Quartz 1429.0
WP05-C2-S1 Vein Quartz 1429.0
WP05-C2-S2 Vein Quartz 1429.0
WP05-C2-S3 Vein Quartz 1429.0
WP05-C2-S4 Vein Quartz 1429.0
WP05-C2-S5 Vein Quartz 1429.0
WP05-C3-S1 Vein Quartz 1429.0
WP05-C3-S2 Vein Quartz 1429.0
WP05-C3-S3 Vein Quartz 1429.0
WP05-C3-S4 Vein Quartz 1429.0
WP64-C1-S1 Vein Quartz 704.8
WP64-C1-S2 Vein Quartz 704.8
WP64-C1-S3 Vein Quartz 704.8
WP64-C1-S4 Vein Quartz 704.8
WP64-C2-S1 Vein Quartz 704.8
WP64-C2-S2 Vein Quartz 704.8
WP64-C2-S4 Vein Quartz 704.8
WP64-C3-S1 Vein Quartz 704.8
WP64-C3-S2 Vein Quartz 704.8
WP64-C3-S3 Vein Quartz 704.8
WP52-C3-S1 Vein Quartz 785.5
WP52-C3-S2 Vein Quartz 785.5
WP52-C3-S3 Vein Quartz 785.5
WP52-C3-S4 Vein Quartz 785.5
WP65-C2-S3 Vein Quartz 609.4
WP65-C2-S4 Vein Quartz 609.4
WP65-C3-S1 Vein Quartz 609.4
WP65-C3-S2 Vein Quartz 609.4
Ta181 Au197** Pb208 Bi209 U238
-0.001022 -0.002744 0.06486 0.003272 0.01008
0.001790 -0.008074 0.07056 -0.001844 0.002785
0.003276 -0.002371 0.009224 -0.002462 0.001148
-0.001502 0.001657 0.008272 0.001084 0.003574
-0.0003212 0.006812 0.006698 0.001400 0.0004408
0.00005426 0.009405 0.005509 0.0004994 -0.001398
-0.0005284 0.009924 0.05438 -0.002679 0.002066
0.00009036 0.003260 0.8202 0.02776 0.1013
0.002157 0.001200 0.03442 0.004147 0.02057
0.001893 0.002815 0.02553 0.004308 0.01544
0.0001603 0.01171 0.02285 0.0002440 0.005920
0.0001892 -0.004890 0.4856 0.009366 0.04448
0.0006867 -0.006652 0.03172 -0.007353 0.004359
-0.001217 -0.004613 0.07014 -0.001671 0.002211
0.0006716 0.0001179 0.0005480 0.003421 0.0007290
0.001868 0.01121 0.003078 -0.003951 -0.002534
0.0006339 0.007148 0.02763 0.002254 -0.0004256
0.0006610 0.02871 0.02204 -0.0007127 0.001331
0.001884 0.001134 0.01942 -0.001524 -0.0005606
-0.0009232 -0.002150 0.01442 -0.008437 0.0003659
-0.002159 0.01388 0.008952 0.005981 -0.0001998
-0.001460 0.01344 0.04626 0.02246 -0.0006552
-0.002206 -0.003872 0.02035 0.007003 -0.001027
-0.001780 0.006549 0.01959 -0.002146 0.003436
0.0005137 -0.001582 0.03934 -0.003351 0.0001067
0.001841 -0.007748 0.3162 0.003022 -0.0001484
0.0002913 0.001066 0.01722 -0.002744 0.001169
-0.001322 0.01083 0.08976 0.004521 0.001206
0.0005611 -0.004078 0.03577 -0.005687 -0.001132
0.0002693 0.002061 0.1850 0.02516 0.008008
0.0006974 0.006691 0.04885 0.002756 0.007436
0.001732 0.003967 0.5791 0.0003855 0.0005079
0.004658 -0.009812 0.008706 0.001052 0.001090
0.001407 0.006615 0.1024 -0.001897 0.0005050
-0.0001834 -0.003672 0.5944 0.02563 0.009936
-0.0002405 0.008230 0.02225 0.003643 0.005230
-0.0001088 0.01029 0.009238 0.001216 0.00006377
-0.0004397 0.002805 0.1793 0.008010 -0.001624
0.001336 -0.005228 0.02521 -0.005599 0.002453
0.003929 -0.003401 0.07472 0.004013 -0.0002672
0.001120 -0.005432 0.003528 0.0005148 0.001925
0.00009904 -0.001403 0.005427 0.0007688 0.001547




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP65-C3-S3 Vein Quartz 609.4
WP65-C3-S4 Vein Quartz 609.4
WP65-C4-S1 Vein Quartz 609.4
WP65-C4-S2 Vein Quartz 609.4
WP65-C4-S3 Vein Quartz 609.4
WP65-C4-S4 Vein Quartz 609.4
WP23-C5-S2 Vein Quartz 1688.3
WP07-C1-S3 Vein Quartz 1360.2
WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP07-C4-S1 Vein Quartz 1360.2
WP07-C4-S2 Vein Quartz 1360.2
WP07-C4-S3 Vein Quartz 1360.2
WP07-C4-S4 Vein Quartz 1360.2
WP07-C1-S1 Vein Quartz 1360.2
WP07-C1-S3 Vein Quartz 1360.2
WP07-C1-S4 Vein Quartz 1360.2
WP07-C2-S1 Vein Quartz 1360.2
WP07-C2-S2 Vein Quartz 1360.2
WP07-C2-S3 Vein Quartz 1360.2
WP03-C1-S1 Vein Quartz 1546.4
WP03-C1-S2 Vein Quartz 1546.4
WP03-C1-S3 Vein Quartz 1546.4
WP03-C1-S4 Vein Quartz 1546.4
WP03-C2-S2 Vein Quartz 1546.4
WP03-C2-S3 Vein Quartz 1546.4
WP03-C2-S4 Vein Quartz 1546.4
WP03-C3-S1 Vein Quartz 1546.4
WP03-C3-S2 Vein Quartz 1546.4
WP03-C3-S3 Vein Quartz 1546.4
WP03-C3-S4 Vein Quartz 1546.4
WP03-C4-S1 Vein Quartz 1546.4
WP03-C4-S2 Vein Quartz 1546.4
WP03-C4-S3 Vein Quartz 1546.4
WP03-C4-S4 Vein Quartz 1546.4
WP63-C1-S1 Breccia Cement 0.0
WP63-C1-S2 Breccia Cement 0.0
WP63-C1-S3 Breccia Cement 0.0
WP63-C2-S1 Breccia Cement 0.0
WP63-C2-S2 Breccia Cement 0.0
WP63-C2-S3 Breccia Cement 0.0
Ta181 Au197** Pb208 Bi209 U238
0.001122 -0.006128 0.01568 0.004950 0.002280
0.0003382 0.007887 0.004742 -0.001218 0.0001156
0.0005218 0.002407 0.08776 0.006346 0.008508
-0.001645 0.007578 -0.004833 -0.001970 0.002447
0.0002459 -0.002524 0.0002938 -0.0002857 0.001638
-0.0007337 -0.006672 0.4365 0.01532 0.001143
0.0003574 -0.005308 0.04625 0.005467 0.0003784
0.002225 0.004075 0.1543 0.01265 0.007668
-0.002104 0.002603 0.1140 0.01380 0.007846
0.00007068 -0.0002788 0.01364 0.0005212 -0.001173
0.0009474 -0.0002992 0.001849 0.002842 0.008762
0.001878 -0.005622 0.07460 -0.004899 0.007178
-0.001769 -0.007015 0.01567 -0.0001634 -0.001959
-0.0004411 0.004738 0.007356 0.0001181 0.0001327
0.001721 0.001454 0.01911 -0.002301 0.0003244
-0.001051 -0.004177 0.008362 -0.0006475 -0.0004695
0.001347 0.01195 0.2399 2.329 0.1224
0.002225 0.004075 0.1543 0.01265 0.007668
-0.001566 0.004198 0.1210 0.01861 0.005424
0.0006256 0.005116 0.008413 0.001913 -0.0009113
-0.0002306 -0.004909 0.004338 0.002071 0.006023
-0.0002781 -0.006960 0.01475 -0.002508 0.001180
0.0001039 -0.004082 0.1280 0.001040 0.006774
-0.001434 -0.005048 0.004386 0.0002481 0.0004047
0.0006922 0.004238 0.003470 0.0002839 0.0001468
-0.0006856 -0.002333 0.01508 -0.0006021 0.0006879
-0.001022 0.009721 0.01213 0.001776 -0.0001917
0.0006416 0.002105 0.02653 0.0003009 0.0006642
0.00008246 -0.004210 0.007593 0.003052 0.002441
-0.0002385 -0.007674 -0.002169 0.0004091 0.0007006
0.0007133 0.002253 0.03274 0.0004677 0.0001211
0.0004894 0.0002437 0.008132 0.003017 0.001123
0.002330 0.0003571 0.03635 0.002417 0.001535
-0.0001776 0.003277 0.05324 0.0005283 0.0003425
-0.002274 -0.009977 0.03995 0.003096 0.001640
0.001310 -0.008796 0.02279 -0.0009905 -0.0006580
-0.001035 -0.01108 0.03564 -0.00006308 -0.003659
0.002039 -0.001198 0.03869 0.00001482 -0.002266
-0.001126 -0.008326 0.04445 0.001566 0.0003679
0.00005948 0.003620 0.03664 0.001641 -0.001276
0.0003974 0.002067 0.02937 0.0008456 0.00001631
0.001443 -0.002951 0.06356 0.004328 0.0008247




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP63-C3-S1 Breccia Cement 0.0
WP02-C1-S1 Breccia Cement 132.2
WP02-C1-S2 Breccia Cement 132.2
WP02-C1-S4 Breccia Cement 132.2
WP02-C1-S5 Breccia Cement 132.2
WP02-C1-S6 Breccia Cement 132.2
WP02-C1-S7 Breccia Cement 132.2
WP02-C1-S9 Breccia Cement 132.2
WP02-C1-S10 Breccia Cement 132.2
WP02-C1-S11 Breccia Cement 132.2
WP02-C1-S12 Breccia Cement 132.2
WP02-C2-S1 Breccia Cement 132.2
WP02-C2-S2 Breccia Cement 132.2
WP02-C2-S3 Breccia Cement 132.2
WP02-C2-S4 Breccia Cement 132.2
WP03-C3-S1 Igneous quartz 1546.4
WP03-C3-S2 Igneous quartz 1546.4
WP03-C3-S3 Igneous quartz 1546.4
WP03-C3-S4 Igneous quartz 1546.4
WP03-C3-S5 Igneous quartz 1546.4
WP13-C1-S1 Igneous quartz 1553.6
WP13-C1-S2 Igneous quartz 1553.6
WP13-C1-S3 Igneous quartz 1553.6
WP13-C1-S4 Igneous quartz 1553.6
WP22-C2-S1 Igneous quartz 2588.2
WP22-C2-S2 Igneous quartz 2588.2
WP22-C2-S3 Igneous quartz 2588.2
WP22-C2-S4 Igneous quartz 2588.2
WP22-C2-S5 Igneous quartz 2588.2
WP06-C1-S1 Igneous quartz 1429.0
WP06-C1-S2 Igneous quartz 1429.0
WP06-C1-S3 Igneous quartz 1429.0
WP06-C1-S4 Igneous quartz 1429.0
WP64-C4-S1 Igneous quartz 704.8
WP64-C4-S2 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP64-C4-S3 Igneous quartz 704.8
WP52-C1-S1 Igneous quartz 785.5
WP52-C1-S2 Igneous quartz 785.5
WP52-C1-S3 Igneous quartz 785.5
WP52-C2-S1 Igneous quartz 785.5
WP52-C2-S2 Igneous quartz 785.5
WP52-C2-S3 Igneous quartz 785.5
Ta181 Au197** Pb208 Bi209 U238
-0.0009649 -0.008867 0.4697 0.01890 0.001994
-0.0002624 -0.001553 0.02735 -0.0001236 -0.0004111
0.0006244 -0.003274 0.08069 0.002251 0.002042
-0.0008160 0.01067 0.03887 -0.001273 -0.0003526
0.0005048 -0.001015 0.1499 -0.0005076 0.0007730
0.000 -0.0009717 0.2269 0.001295 -0.001143
0.0003816 -0.004732 0.07373 0.002759 0.0007219
0.001531 0.005427 0.007541 0.001925 0.001711
0.0004161 0.003843 0.01498 -0.001861 0.0009407
-0.0007620 -0.002669 0.1409 0.0009327 0.003094
-0.0001355 0.007465 0.01289 -0.003112 0.002297
-0.0008475 0.005654 0.02411 0.001322 0.0003075
-0.001191 -0.001611 0.01841 -0.0001926 0.01376
-0.0003463 -0.002209 0.01779 0.0006321 0.002022
0.001499 -0.0008106 0.03701 -0.002595 -0.001172
0.0009586 -0.009434 0.007332 0.01215 0.003710
0.001849 -0.008289 -0.0008197 0.005329 0.0001657
-0.0007567 0.002814 0.01216 0.007351 0.007524
0.0008036 0.004972 0.1654 0.07521 0.009606
-0.0005080 -0.002182 0.3832 0.06789 0.003286
-0.001407 0.008135 0.03737 -0.003728 0.001235
0.0002951 -0.008796 0.1086 0.008980 0.007466
0.001708 -0.003429 0.005867 0.008444 0.001103
-0.002259 0.007502 0.04601 -0.004666 0.001075
0.001931 0.004663 0.005847 -0.001617 0.0003777
-0.001278 -0.0009913 0.01527 -0.0003505 -0.0004335
-0.001199 -0.0006847 0.004187 -0.001740 0.0006652
0.000 -0.01027 0.01392 -0.0006049 0.001495
0.000 -0.003335 0.08840 0.0003070 -0.001012
0.0002459 0.002535 0.2585 0.05312 0.06061
-0.0001378 0.001191 0.08216 -0.002256 0.00001498
-0.0009172 0.0008381 0.004256 0.006091 0.001594
-0.002015 0.0004978 0.03082 0.004570 0.001370
0.001284 0.006236 68.71 -0.0004609 0.0004663
0.001369 0.004830 0.02131 -0.001600 0.0003761
-0.001887 0.003431 22.68 0.002933 0.0001258
0.001289 0.009937 1.636 0.002978 0.0004104
-0.0007846 0.006191 0.07858 0.006789 0.0001443
-0.00004933 -0.0002800 0.05239 -0.004066 0.003691
0.001190 0.0004905 3.292 0.3709 0.1523
-0.001183 -0.002184 0.02528 0.01226 0.008249
-0.001740 0.003887 -0.0002465 -0.002036 0.0001049




Appendix 6: White Pine 
quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




WP52-C2-S4 Igneous quartz 785.5
WP65-C1-S1 Igneous quartz 609.4
WP65-C1-S3 Igneous quartz 609.4
WP65-C1-S4 Igneous quartz 609.4
WP23-C1-S1 Igneous quartz 1688.3
WP23-C1-S2 Igneous quartz 1688.3
WP23-C1-S3 Igneous quartz 1688.3
WP23-C1-S4 Igneous quartz 1688.3
WP23-C2-S1 Igneous quartz 1688.3
WP23-C2-S2 Igneous quartz 1688.3
WP23-C2-S3 Igneous quartz 1688.3
WP23-C2-S4 Igneous quartz 1688.3
WP07-C4-S1 Igneous quartz 1360.2
WP07-C4-S2 Igneous quartz 1360.2
WP07-C4-S3 Igneous quartz 1360.2
WP07-C4-S4 Igneous quartz 1360.2
Ta181 Au197** Pb208 Bi209 U238
0.001087 -0.003019 0.01506 0.001592 0.0005632
0.00005519 -0.001849 0.06795 -0.005061 0.0006921
0.002127 -0.009317 -0.0003135 0.0003200 0.0007971
-0.001229 -0.001014 -0.002463 0.002981 -0.0007109
0.0006615 0.004102 0.02182 0.0007536 0.000
-0.002349 -0.005936 0.04662 0.0007888 0.04979
0.01311 -0.004674 0.01342 0.001353 0.002413
0.002537 -0.002584 0.1201 0.004332 0.01501
-0.0001427 0.006002 0.02396 0.002732 0.0008626
0.0004776 0.002019 0.01082 0.02961 0.0007433
0.0008311 0.00004452 0.02416 0.001564 0.0004567
-0.0008627 0.01155 0.01822 -0.0005202 0.0009751
-0.001164 -0.004615 0.01784 -0.001495 -0.001829
0.001089 0.006899 -0.002508 0.0006281 0.0002053
0.0006706 0.001244 0.01490 -0.001435 -0.0003145





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK01-C1-S1 Vein quartz 591.4 13.62 46.67 1.425 242.1 467500 9.400 183.8 -1.396 76.90 77.96 0.02171 -0.06289 0.2331 3.728 1.389
BK01-C1-S2 Vein quartz 591.4 12.43 3.600 0.3311 91.72 467500 8.238 6.166 -7.422 59.92 60.90 0.002231 0.1113 0.1663 1.177 0.08988
BK01-C1-S3 Vein quartz 591.4 11.97 4.145 0.7121 111.1 467500 9.915 17.23 22.08 70.93 68.19 -0.02046 -0.1136 0.1323 3.363 0.4365
BK01-C2-S1 Vein quartz 591.4 6.007 8.517 0.09547 54.28 467500 14.32 4.935 -4.151 11.28 10.68 -0.01389 -0.06474 0.07478 0.8268 -0.03612
BK01-C2-S2 Vein quartz 591.4 4.211 7.872 0.05959 37.36 467500 11.22 3.298 -47.56 10.12 10.89 -0.01411 -0.02554 0.09310 -0.5999 0.04343
BK01-C2-S3 Vein quartz 591.4 13.29 6.749 0.4901 138.3 467500 9.479 17.35 41.02 22.98 23.09 -0.007577 0.08689 0.1964 0.7022 0.07164
BK01-C2-S4 Vein quartz 591.4 4.424 4.737 0.06580 35.59 467500 8.207 1.119 35.78 11.22 10.63 0.003473 -0.1779 0.07940 -0.2935 0.07361
BK01-C3-S1 Vein quartz 591.4 9.646 18.82 0.2670 78.07 467500 6.409 13.89 -23.46 26.60 26.01 -0.01718 0.1093 0.1091 0.3107 -0.03829
BK01-C3-S2 Vein quartz 591.4 6.334 16.64 0.1111 66.35 467500 10.32 30.58 58.04 16.30 15.36 0.01243 -0.07255 0.1583 -0.2957 0.08756
BK01-C3-S3 Vein quartz 591.4 2.835 19.19 0.3679 59.08 467500 7.983 6.478 57.05 15.05 16.09 -0.01095 0.2361 0.3337 1.430 0.06191
BK01-C5-S1 Vein quartz 591.4 3.994 -1.833 0.8429 55.30 467500 11.60 0.3431 -7.095 20.96 20.26 0.7390 0.4208 0.7717 199.9 0.9629
BK01-C5-S4 Vein quartz 591.4 7.017 1.350 0.3174 69.31 467500 14.31 6.101 29.69 21.38 20.18 0.1182 -0.03884 0.07920 25.96 0.3171
BK021-C3-S1 Vein quartz 517.7 6.388 26.49 5.991 1445 467500 17.21 231.9 39.44 1.644 3.318 0.008803 -0.04224 4.825 21.22 0.05739
BK021-C3-S2 Vein quartz 517.7 2.422 7.368 6.611 472.7 467500 18.53 155.8 -14.83 1.921 2.128 0.005779 0.3363 2.155 20.45 0.08239
BK021-C3-S4 Vein quartz 517.7 5.310 27.98 14.88 1496 467500 15.47 648.0 72.44 50.60 49.09 0.2654 0.1872 5.733 46.80 0.1445
BK021-C4-S1 Vein quartz 517.7 5.015 32.76 1.556 1600 467500 16.83 270.5 0.7658 1.208 0.5784 -0.007987 0.1536 4.509 11.24 0.8124
BK021-C4-S3 Vein quartz 517.7 3.558 18.45 17.83 1220 467500 14.66 518.4 -1.645 5.571 6.195 0.1415 -0.03776 3.515 56.21 0.006051
BK021-C4-S4 Vein quartz 517.7 3.417 24.99 18.00 1473 467500 12.69 484.5 37.58 2.248 2.553 0.05035 0.2242 4.023 42.86 0.2180
BK021-C4-S5 Vein quartz 517.7 5.184 4.357 2.826 313.8 467500 15.08 101.3 -4.691 0.9547 0.4967 0.02908 0.08524 1.124 9.440 0.005509
BK03-C1-S2 Vein quartz 337.4 4.934 -5.488 0.5232 54.65 467500 10.64 4.547 36.24 51.10 52.07 0.005257 0.09903 0.1821 1.155 0.1257
BK03-C4-S1 Vein quartz 337.4 5.817 20.88 3.390 163.6 467500 10.79 58.91 3.332 31.12 30.93 0.2295 -0.05066 3.129 28.13 0.5772
BK03-C4-S2 Vein quartz 337.4 3.662 -4.823 1.697 84.05 467500 15.32 12.81 63.30 17.32 19.34 0.1353 0.4626 0.02421 1.419 0.2003
BK03-C4-S3 Vein quartz 337.4 4.935 7.401 1.531 97.81 467500 8.041 21.93 -21.51 21.68 21.23 0.1096 0.05032 0.9668 6.428 2.271
BK06-C1-S1 Vein quartz 940.0 6.748 8.661 0.05456 41.43 467500 14.20 2.254 -17.67 12.51 10.59 -0.02223 0.03509 0.5122 1.060 -0.02072
BK06-C1-S2 Vein quartz 940.0 9.839 -6.336 0.09555 56.49 467500 14.31 8.611 41.34 28.85 28.27 0.01171 0.1045 0.06016 0.3503 -0.03243
BK06-C1-S3 Vein quartz 940.0 10.68 1.520 0.07335 83.20 467500 12.07 102.4 36.79 24.35 24.15 0.01842 -0.1088 0.01878 1.890 0.08312
BK06-C1-S4 Vein quartz 940.0 9.335 8.252 0.2190 63.83 467500 13.17 25.16 -13.88 24.13 24.17 0.08351 0.3041 0.02028 22.08 0.2794
BK06-C2-S1 Vein quartz 940.0 9.414 -3.522 0.05716 50.23 467500 11.25 0.5816 5.640 27.65 28.89 -0.02606 0.1110 0.02931 0.7159 0.1005
BK06-C2-S2 Vein quartz 940.0 10.62 -0.5281 0.1405 60.34 467500 12.30 8.454 40.40 31.38 34.99 0.1425 -0.02716 0.06363 50.41 0.2045
BK06-C2-S4 Vein quartz 940.0 11.60 -1.311 0.1434 61.90 467500 13.91 0.2614 23.28 31.45 31.63 0.01728 -0.1153 0.07405 11.71 0.2224
BK06-C2-S5 Vein quartz 940.0 11.59 1.305 0.1212 61.28 467500 8.913 4.113 1.154 29.79 30.99 0.008357 0.06463 0.08650 8.909 0.8805
BK06-C3-S1 Vein quartz 940.0 9.094 4.779 0.2366 52.09 467500 10.66 1.818 41.95 30.34 31.00 -0.007501 -0.1587 0.07337 0.6742 2.796
BK06-C3-S2 Vein quartz 940.0 5.981 17.37 0.1488 38.80 467500 12.77 5.956 5.089 29.47 28.25 0.04875 0.1920 0.09573 34.49 0.3453
BK06-C3-S3 Vein quartz 940.0 12.57 -4.706 0.1507 70.85 467500 13.31 5.548 18.78 37.85 37.41 0.09626 -0.1225 0.06002 26.93 0.2065
BK09-C1-S1 Vein quartz 1043.0 7.117 20.96 0.08894 71.42 467500 10.06 9.959 4.501 28.47 27.02 0.003728 0.1228 0.1405 0.1354 0.1278
BK09-C1-S2 Vein quartz 1043.0 4.305 20.87 0.9009 103.8 467500 11.75 24.35 72.75 40.97 42.81 0.01550 0.08268 0.4458 1.751 0.2119
BK09-C1-S3 Vein quartz 1043.0 5.996 45.28 0.2828 83.88 467500 16.04 42.38 -49.42 38.41 37.78 0.009137 -0.02684 0.8676 127.6 1.680
BK09-C1-S4 Vein quartz 1043.0 3.523 36.08 0.2050 75.62 467500 18.28 70.09 -15.21 40.39 42.04 0.0005146 0.1374 0.7462 33.39 1.382
BK09-C2-S1 Vein quartz 1043.0 12.20 21.75 0.1803 114.7 467500 8.944 10.80 16.09 33.69 34.18 -0.008481 -0.1858 0.2863 0.5666 0.3111
BK09-C2-S2 Vein quartz 1043.0 6.078 48.92 0.2721 82.35 467500 14.37 21.14 103.2 42.77 42.91 -0.004742 0.01804 1.739 0.2289 0.2904
BK09-C2-S4 Vein quartz 1043.0 5.378 16.41 0.2751 76.35 467500 15.31 10.55 -27.27 38.75 37.41 0.007756 -0.01919 0.2113 0.4942 1.802
BK09-C3-S2 Vein quartz 1043.0 6.940 7.497 1.916 328.3 467500 10.55 100.8 61.67 143.8 138.1 0.01697 -0.01229 1.286 6.232 0.07714





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK09-C3-S4 Vein quartz 1043.0 6.550 -3.363 0.1499 82.13 467500 17.64 4.144 -1.955 48.81 46.14 0.001498 -0.06624 0.1016 -0.2731 -0.02120
BK09-C4-S1 Vein quartz 1043.0 6.069 14.94 0.5414 121.8 467500 14.13 25.18 37.14 75.24 71.97 0.006102 -0.04030 0.9278 1.336 0.1718
BK09-C4-S2 Vein quartz 1043.0 4.663 26.72 0.6577 66.42 467500 9.370 15.39 -25.68 22.55 28.91 -0.01251 0.004768 1.113 1.071 0.4456
BK09-C4-S3 Vein quartz 1043.0 6.931 18.34 2.208 252.2 467500 12.11 93.42 39.78 95.57 99.88 0.04548 0.01847 1.067 4.532 0.9913
BK09-C4-S4 Vein quartz 1043.0 4.483 15.24 2.457 86.13 467500 14.26 32.25 22.88 22.58 22.02 0.07667 -0.1530 0.4608 2.191 0.6819
BK100-C1-S2 Vein quartz 1443.7 11.35 2.689 0.2744 88.73 467500 14.70 3.294 -24.68 59.32 53.68 0.02070 0.1201 0.1713 4.979 3.111
BK100-C1-S3 Vein quartz 1443.7 11.87 20.08 1.094 85.65 467500 14.59 8.895 -17.58 27.39 27.03 0.0001280 -0.007567 0.2726 1.558 0.3681
BK100-C1-S4 Vein quartz 1443.7 13.49 17.26 0.4695 114.1 467500 15.65 13.69 47.58 65.92 63.83 0.008145 -0.007911 0.2728 1.137 0.2802
BK100-C4-S1 Vein quartz 1443.7 14.22 9.142 0.8006 185.0 467500 13.18 28.84 39.04 81.45 82.78 -0.01463 0.1254 0.7854 1.572 0.07779
BK100-C4-S2 Vein quartz 1443.7 12.90 15.27 0.6946 159.8 467500 15.05 30.94 -18.79 79.49 78.88 0.002038 -0.05842 0.4557 1.301 0.09082
BK100-C4-S3 Vein quartz 1443.7 10.58 7.883 0.9582 139.7 467500 19.59 23.02 -5.402 80.97 80.21 0.01685 -0.1378 0.2489 1.628 0.9435
BK100-C4-S4 Vein quartz 1443.7 13.47 11.97 0.8368 199.3 467500 11.29 46.70 31.97 90.43 86.04 0.01238 -0.01858 0.7470 1.520 0.4844
BK101-C2-S1 Vein quartz 1061.5 5.858 28.62 1.056 103.2 467500 18.67 16.33 -1.278 19.52 20.38 0.002083 -0.05376 0.2959 2.136 0.7270
BK101-C2-S2 Vein quartz 1061.5 3.885 0.6761 0.2774 47.43 467500 19.26 4.274 -25.75 12.94 12.02 -0.009626 0.02618 0.1226 32.33 0.2094
BK101-C2-S3 Vein quartz 1061.5 4.941 23.44 0.6850 106.2 467500 18.25 44.43 -30.10 26.92 26.43 -0.00007096 0.07926 0.3331 1.832 0.7219
BK101-C3-S1 Vein quartz 1061.5 5.680 3.453 0.2800 60.00 467500 17.31 1.886 11.51 33.16 33.26 0.006113 0.03975 0.01812 -0.2351 -0.03186
BK101-C3-S1 Vein quartz 1061.5 5.060 4.221 0.3092 63.50 467500 18.10 1.991 0.1291 17.03 18.33 0.0004280 0.03692 0.1448 6.891 0.1578
BK101-C3-S2 Vein quartz 1061.5 6.812 4.207 0.2957 65.33 467500 16.28 3.326 20.87 54.72 45.14 0.01404 0.003027 0.08188 0.01565 0.1159
BK101-C3-S3 Vein quartz 1061.5 8.773 1.708 0.5386 90.82 467500 12.35 2.854 20.64 54.76 56.31 0.004220 0.01274 0.2145 10.87 0.3150
BK101-C3-S4 Vein quartz 1061.5 11.62 0.5001 0.9318 124.5 467500 17.29 6.930 17.38 46.89 46.98 0.001284 0.05041 0.1120 11.99 0.3978
BK101-C3-S5 Vein quartz 1061.5 7.520 2.660 0.4292 74.34 467500 17.26 6.745 7.036 36.86 36.80 0.05014 -0.03081 0.01912 40.86 1.065
BK101-C5-S1 Vein quartz 1061.5 5.032 0.5070 0.2572 74.69 467500 17.07 5.108 45.29 11.72 11.74 -0.003556 0.001179 0.05755 0.3090 0.02310
BK101-C5-S1 Vein quartz 1061.5 13.34 -0.8067 1.058 217.4 467500 14.84 6.845 -29.91 14.56 12.66 0.02260 0.2939 0.1622 32.60 0.4113
BK102-C1-S1 Vein quartz 890.8 10.05 2.555 0.3682 137.0 467500 16.54 9.054 31.35 9.536 9.250 0.002350 -0.2445 0.1454 0.9920 0.05111
BK102-C1-S2 Vein quartz 890.8 2.519 -3.426 0.1952 31.08 467500 10.69 -0.2201 1.243 4.800 4.594 -0.005997 0.2021 0.07389 37.79 0.3244
BK102-C1-S3 Vein quartz 890.8 3.557 -4.758 0.09695 37.64 467500 14.00 -0.5849 15.89 6.064 5.792 0.001833 -0.06363 0.01394 17.01 0.2488
BK102-C1-S4 Vein quartz 890.8 4.209 20.46 1.921 97.89 467500 9.426 32.16 72.12 25.40 24.58 0.03512 0.2449 1.203 11.33 -0.03284
BK102-C2-S1 Vein quartz 890.8 10.78 -1.285 1.286 251.4 467500 12.01 1.348 -2.406 12.72 12.68 0.006853 -0.1833 0.1407 11.16 0.1687
BK102-C2-S2 Vein quartz 890.8 7.475 9.703 1.599 174.6 467500 8.181 18.54 23.32 13.13 11.28 -0.004983 -0.09272 0.4672 30.92 1.856
BK102-C2-S3 Vein quartz 890.8 2.857 11.52 1.958 57.17 467500 11.16 14.41 -7.406 14.13 13.84 0.04028 0.1203 1.285 7.138 0.2591
BK102-C2-S5 Vein quartz 890.8 4.694 -4.557 0.4526 67.84 467500 13.97 3.436 -21.47 6.958 6.859 -0.004055 0.02623 0.05500 8.906 0.1621
BK106-C2-S1 Vein quartz 466.2 3.410 3.399 4.983 311.2 467500 12.51 20.65 103.1 25.04 20.15 0.04911 0.2640 0.4929 24.94 0.5390
BK106-C2-S2 Vein quartz 466.2 8.035 10.90 2.344 156.3 467500 10.97 21.86 58.36 43.95 47.52 0.01622 -0.07817 0.3290 2.984 0.2734
BK106-C2-S3 Vein quartz 466.2 7.026 28.80 0.9929 81.39 467500 14.84 18.88 68.71 36.07 33.22 -0.005992 0.02961 0.3803 1.584 0.9912
BK106-C3-S1 Vein quartz 466.2 15.42 12.60 1.072 214.2 467500 11.67 15.22 8.815 6.813 7.124 -0.007627 -0.05451 0.2602 0.8165 0.3771
BK106-C3-S2 Vein quartz 466.2 6.880 2.731 14.19 1720 467500 16.84 43.27 62.67 38.05 35.50 0.06779 0.1697 0.3130 187.6 2.607
BK12-C2-S1 Vein quartz 1475.3 3.822 -0.1389 -0.03659 31.94 467500 18.32 -0.5102 -16.67 2.603 -0.1385 -0.009019 -0.01718 0.02394 0.1493 0.01560
BK12-C2-S3 Vein quartz 1475.3 28.01 19.79 0.5073 292.7 467500 16.60 10.84 37.48 0.1464 0.01274 0.02473 -0.1495 3.882 3.367 0.03348
BK12-C4-S1 Vein quartz 1475.3 33.19 1.202 1.042 316.2 467500 17.67 2.089 -12.60 0.6333 0.4491 0.006573 -0.1931 0.1095 1.717 0.06765
BK12-C4-S3 Vein quartz 1475.3 71.48 40.28 1.479 1051 467500 17.84 37.23 49.05 0.9760 0.4226 0.05708 0.1404 0.1665 2.733 -0.03777
BK12-C6-S2 Vein quartz 1475.3 84.38 42.28 0.1736 1317 467500 19.50 7.171 2.505 0.5111 0.7232 0.01202 0.08360 0.7562 2.567 0.02815
BK13-C3-S2 Vein quartz 1381.0 47.90 37.71 0.1508 828.4 467500 17.29 61.28 12.65 0.4111 0.4933 -0.001185 0.1075 0.03204 -0.1561 -0.06173





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK13-C3-S4 Vein quartz 1381.0 39.31 34.50 1.059 623.1 467500 21.01 50.55 23.91 0.6128 0.6291 0.1423 0.09171 1.904 148.7 0.3620
BK13-C4-S1 Vein quartz 1381.0 15.70 20.25 0.1184 188.0 467500 17.64 14.67 -6.622 0.8935 0.5144 0.008048 -0.08738 0.1130 0.1841 0.07020
BK13-C4-S2 Vein quartz 1381.0 56.11 53.18 0.1899 884.3 467500 19.18 59.52 48.33 0.9559 1.434 0.004765 -0.1091 0.1285 10.18 0.007775
BK13-C4-S3 Vein quartz 1381.0 46.21 36.84 0.5630 720.4 467500 18.99 64.04 10.79 0.6710 0.3964 0.02569 -0.04921 0.1473 32.19 0.05044
BK13-C4-S4 Vein quartz 1381.0 28.70 46.96 1.040 580.0 467500 16.83 97.72 21.04 0.4333 0.08184 0.01552 0.04782 0.2436 25.54 0.08701
BK15-C1-S1 Vein quartz 981.5 8.696 11.54 0.08729 99.66 467500 20.48 15.17 8.252 16.08 16.24 -0.001176 -0.03627 0.2042 0.7397 0.02086
BK15-C2-S1 Vein quartz 981.5 12.18 0.7085 0.1106 101.1 467500 20.49 -0.9581 -38.28 1.157 1.088 0.01244 0.09285 0.06706 16.04 0.1276
BK15-C2-S2 Vein quartz 981.5 9.669 2.754 0.1937 88.34 467500 23.46 1.484 58.55 1.403 2.010 0.01777 -0.04859 0.1124 30.73 0.1568
BK15-C2-S2 Vein quartz 981.5 4.142 44.24 0.1160 49.25 467500 23.94 16.78 23.59 0.9435 0.4984 -0.01052 -0.07171 0.1017 1.760 0.02111
BK15-C2-S3 Vein quartz 981.5 9.761 4.025 0.1790 121.9 467500 19.65 5.198 17.45 1.492 1.402 0.02922 -0.02906 0.1731 45.97 0.2495
BK15-C2-S3 Vein quartz 981.5 30.58 9.488 -0.004430 288.9 467500 19.53 8.342 36.01 2.159 2.031 -0.003089 0.01600 0.04005 0.5448 -0.01678
BK15-C2-S4 Vein quartz 981.5 12.10 8.871 1.413 124.4 467500 25.21 7.085 -33.40 1.802 1.454 0.2254 0.02514 0.3884 171.8 0.4600
BK15-C2-S4 Vein quartz 981.5 31.07 16.29 0.01041 288.0 467500 18.10 11.51 -34.98 1.944 1.573 0.00008350 0.03001 0.05021 -0.3238 0.02430
BK17-C1-S1 Vein quartz 770.8 2.883 13.82 0.7952 80.63 467500 18.17 9.191 87.89 1.045 0.9666 -0.005055 0.09551 0.6004 0.8015 0.3077
BK17-C1-S2 Vein quartz 770.8 3.605 13.24 6.101 95.35 467500 12.26 11.47 119.8 1.734 1.345 0.01620 -0.1313 1.172 2.531 0.9047
BK17-C1-S3 Vein quartz 770.8 5.312 2.346 6.647 116.2 467500 10.41 10.75 78.71 1.764 1.928 0.006273 -0.2634 0.8128 -0.5404 0.2330
BK17-C3-S1 Vein quartz 770.8 1.453 1.810 0.06044 19.43 467500 14.72 2.938 -3.353 0.1419 0.2099 -0.009186 -0.01013 0.08966 0.1874 -0.05764
BK17-C3-S2 Vein quartz 770.8 10.06 10.64 0.2229 249.0 467500 14.10 29.89 -31.02 2.891 2.530 0.02753 -0.06011 0.3032 5.716 0.1725
BK17-C3-S3 Vein quartz 770.8 3.043 4.808 0.6387 54.80 467500 12.71 4.448 -43.20 1.539 1.202 0.004913 0.1475 0.1750 7.267 0.3912
BK17-C3-S4 Vein quartz 770.8 1.244 -0.7358 4.272 46.66 467500 15.03 6.520 15.27 1.350 0.9538 0.007876 0.1255 0.1677 7.186 0.2642
BK18-C2-S2 Vein quartz 608.8 9.784 101.4 10.45 1533 467500 8.108 394.5 67.87 0.8563 0.9805 0.1272 -0.03289 2.081 20.58 2.177
BK18-C2-S4 Vein quartz 608.8 11.78 47.94 8.247 678.1 467500 12.95 139.6 -12.05 0.1560 0.09092 0.1015 0.01206 3.376 25.89 0.7382
BK18-C5-S1 Vein quartz 608.8 11.86 38.02 6.332 855.6 467500 9.069 87.28 60.52 0.8952 1.097 0.6275 0.08850 2.293 20.98 0.3351
BK18-C5-S2 Vein quartz 608.8 9.541 25.57 4.079 659.6 467500 10.23 116.8 51.98 0.4501 0.4750 1.032 0.2115 1.270 17.31 0.01570
BK18-C5-S3 Vein quartz 608.8 9.459 57.81 1.131 840.4 467500 13.41 156.7 116.3 0.5122 0.3242 0.2212 0.1170 1.518 5.708 0.4965
BK18-C5-S4 Vein quartz 608.8 8.580 22.09 2.359 446.4 467500 11.32 28.08 91.73 0.4213 0.05046 0.01471 0.07328 0.4702 6.160 0.07470
BK20-C3-S1 Vein quartz 640.5 3.212 8.400 0.2358 36.56 467500 11.65 3.152 24.84 0.3085 -0.07270 0.0003366 -0.03666 0.06531 15.98 0.04758
BK20-C3-S2 Vein quartz 640.5 2.608 26.45 0.06783 35.03 467500 16.11 10.31 36.11 0.1050 0.1662 0.0002603 -0.2123 0.06087 1.182 0.06507
BK20-C3-S3 Vein quartz 640.5 3.422 6.552 5.940 124.0 467500 8.822 36.63 24.34 1.535 0.3606 0.1328 -0.1131 0.1650 19.61 0.1892
BK20-C3-S4 Vein quartz 640.5 6.727 23.15 0.1068 76.30 467500 12.88 4.963 5.780 0.3904 0.07651 0.01133 -0.06777 0.05903 1.606 0.01387
BK20-C4-S2 Vein quartz 640.5 18.49 9.735 0.1496 219.4 467500 14.73 13.56 -19.85 0.4990 0.03909 0.006732 -0.06348 0.1778 9.688 0.0009006
BK28-C1-S1 Vein quartz 778.0 2.875 21.67 0.4277 27.28 467500 14.38 3.250 52.32 6.179 7.373 -0.01512 0.07937 0.4102 1.443 2.097
BK28-C1-S2 Vein quartz 778.0 10.24 1.904 0.1518 57.65 467500 10.56 2.271 -2.484 16.77 16.29 0.001723 -0.05199 0.1043 0.5717 0.2420
BK28-C2-S3 Vein quartz 778.0 2.391 3.653 0.1242 28.77 467500 16.81 6.369 4.496 1.399 0.4020 0.01500 0.03221 0.1870 1.400 0.04107
BK28-C2-S4 Vein quartz 778.0 4.527 1.689 0.04417 45.45 467500 18.77 21.77 17.09 1.382 1.486 -0.006537 -0.1068 0.03798 0.6237 0.01212
BK28-C3-S3 Vein quartz 778.0 7.455 27.27 1.063 48.32 467500 18.12 12.84 42.33 16.57 15.36 0.05988 -0.03522 0.1234 103.9 2.439
BK28-C3-S4 Vein quartz 778.0 8.504 18.09 0.5908 64.36 467500 14.12 7.952 104.3 16.21 15.99 0.004426 0.1171 0.4613 13.73 0.9582
BK44-C1-S1 Vein quartz 1600.4 7.048 -5.380 0.2329 58.99 467500 14.81 0.5433 -34.95 37.81 38.43 0.009996 -0.05562 0.06491 -0.1252 0.2553
BK44-C1-S4 Vein quartz 1600.4 6.599 -1.479 0.1318 63.53 467500 14.41 17.18 17.62 28.66 29.10 -0.01103 0.1243 0.08418 -0.4224 0.9477
BK44-C3-S1 Vein quartz 1600.4 9.356 3.611 0.1453 78.35 467500 18.12 5.555 154.1 32.65 33.30 0.04057 0.1221 0.5538 7.907 1.170
BK44-C3-S2 Vein quartz 1600.4 7.493 24.43 0.1823 81.37 467500 14.72 19.97 88.42 17.44 17.66 -0.004787 -0.1522 1.113 2.068 1.760
BK44-C3-S3 Vein quartz 1600.4 8.419 19.71 0.2197 80.06 467500 11.18 31.15 46.03 30.73 27.94 0.009665 0.1088 0.3440 2.368 1.478





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK46-C1-S1 Vein quartz 1774.0 19.70 33.57 0.02224 188.9 467500 7.843 12.58 5.632 0.3518 0.2418 0.00002988 -0.005383 0.04045 0.6993 -0.03802
BK46-C1-S2 Vein quartz 1774.0 12.54 54.66 0.2409 116.7 467500 7.413 18.66 9.033 0.2510 0.09532 -0.001692 -0.09798 0.1476 0.8163 0.004974
BK46-C1-S3 Vein quartz 1774.0 31.32 58.72 0.07625 346.6 467500 8.813 35.94 -2.634 0.3911 0.1384 -0.003573 -0.09500 0.09240 -0.4046 -0.01383
BK46-C1-S4 Vein quartz 1774.0 4.665 22.08 0.1104 41.54 467500 8.997 7.469 4.115 0.3343 0.09989 -0.008333 0.009413 0.02867 4.689 0.04133
BK46-C2-S1 Vein quartz 1774.0 31.51 14.63 0.3261 299.0 467500 12.17 11.05 -18.74 0.3506 0.3455 0.009596 0.1794 0.08943 9.340 0.1051
BK46-C2-S2 Vein quartz 1774.0 4.812 0.7753 0.1034 37.57 467500 9.931 1.526 3.408 0.1625 0.1269 -0.008497 0.1584 0.02590 2.719 0.04094
BK46-C2-S3 Vein quartz 1774.0 44.45 124.6 0.3543 583.6 467500 8.977 87.34 -26.67 0.4671 0.5499 0.01616 0.07756 0.1293 0.1028 -0.01427
BK46-C2-S4 Vein quartz 1774.0 24.41 88.46 0.09583 266.3 467500 12.16 39.17 -9.314 0.2550 -0.04109 0.003069 -0.09788 0.07515 -0.4390 -0.002625
BK46-C3-S1 Vein quartz 1774.0 11.51 3.151 0.3801 132.2 467500 9.855 2.376 173.1 0.4637 0.08224 -0.01581 -0.01577 0.08136 1.842 -0.03771
BK46-C3-S1 Vein quartz 1774.0 11.19 -0.6746 1.064 154.5 467500 14.30 3.664 275.1 0.3521 0.2368 -0.001550 -0.2509 0.1206 0.7746 0.001132
BK46-C3-S1 Vein quartz 1774.0 47.43 15.67 1.277 552.6 467500 11.34 16.09 359.7 0.5453 0.5680 0.006281 0.05827 0.09177 0.7964 0.005747
BK46-C3-S1 Vein quartz 1774.0 25.23 3.690 0.008606 272.9 467500 9.725 8.772 98.86 0.3540 0.2955 0.006234 -0.05674 -0.01508 -0.4026 -0.02195
BK46-C4-S1 Vein quartz 1774.0 28.86 13.31 8.895 580.5 467500 12.70 56.58 189.8 0.5829 0.4405 0.04951 -0.1426 0.6562 69.24 0.2733
BK46-C4-S1 Vein quartz 1774.0 39.21 19.63 5.018 561.8 467500 11.13 32.10 47.75 0.2408 0.4078 0.004636 0.04969 0.4757 6.185 0.08806
BK50-C1-S1 Vein quartz 3090.9 6.019 8.271 0.6694 63.56 467500 19.66 4.744 -16.28 47.85 48.92 0.01420 -0.2012 1.076 10.33 0.2903
BK50-C1-S2 Vein quartz 3090.9 6.817 23.75 1.115 76.86 467500 19.09 10.64 16.82 113.3 116.8 0.3615 0.1720 3.294 111.2 0.6075
BK50-C1-S3 Vein quartz 3090.9 7.244 -1.546 24.65 108.0 467500 20.50 17.83 123.6 60.20 66.70 0.8557 0.8934 0.7426 217.9 0.4417
BK50-C1-S4 Vein quartz 3090.9 5.925 60.50 34.70 326.3 467500 23.42 72.54 141.6 49.68 50.57 11.76 0.3036 47.14 3258 22.82
BK50-C3-S1 Vein quartz 3090.9 6.909 8.470 18.34 169.1 467500 20.12 23.92 74.11 44.92 43.61 0.6917 0.3743 2.523 234.7 4.725
BK50-C3-S2 Vein quartz 3090.9 8.939 14.42 2.880 162.3 467500 19.57 24.60 24.35 64.42 60.33 0.06526 -0.2175 0.2558 22.66 0.2371
BK50-C3-S3 Vein quartz 3090.9 6.106 -1.970 1.314 86.22 467500 15.73 5.439 -21.50 56.47 55.02 0.04677 -0.01746 0.2284 17.04 0.4211
BK50-C3-S4 Vein quartz 3090.9 6.913 -2.939 1.325 99.98 467500 20.32 12.91 -9.653 40.06 41.87 0.06688 0.01580 0.2765 6.779 0.1558
BK59-C1-S1 Vein quartz 2339.0 5.555 -1.785 0.3235 93.20 467500 11.39 7.074 5.482 8.914 10.15 0.01059 -0.07579 0.06414 16.00 0.4495
BK59-C1-S2 Vein quartz 2339.0 2.836 -2.033 0.1349 50.38 467500 11.47 2.002 32.52 7.000 8.341 -0.009242 0.06015 0.2654 21.72 0.5962
BK59-C1-S3 Vein quartz 2339.0 4.255 1.674 1.319 166.1 467500 12.75 94.53 -16.67 140.8 136.1 0.04022 0.1010 0.3639 27.10 0.008772
BK59-C1-S4 Vein quartz 2339.0 6.215 -3.045 1.074 140.1 467500 11.15 24.36 -1.595 14.79 15.18 -0.01082 0.1843 0.1019 15.23 0.2031
BK59-C2-S1 Vein quartz 2339.0 2.690 -3.767 0.1028 39.68 467500 13.78 1.774 38.99 5.802 5.956 0.02767 -0.1892 0.1516 0.5297 0.04942
BK59-C2-S2 Vein quartz 2339.0 1.512 -1.741 0.3176 46.36 467500 12.43 3.804 -37.20 5.125 5.348 0.02418 0.02111 0.03889 22.31 0.6668
BK59-C2-S4 Vein quartz 2339.0 4.137 8.641 0.5076 104.3 467500 13.12 21.57 64.36 11.68 11.49 -0.008306 0.06158 0.5623 13.43 0.4774
BK61-C1-S1 Vein quartz 2030.1 0.6363 31.42 0.04800 29.12 467500 15.26 8.752 -26.57 1.096 0.9328 0.002014 -0.1230 0.4905 1.694 0.4417
BK61-C1-S1 Vein quartz 2030.1 3.895 18.74 0.6127 67.57 467500 10.15 15.45 80.59 17.81 17.81 -0.002589 -0.1561 0.3798 4.494 0.1355
BK61-C1-S2 Vein quartz 2030.1 3.427 44.84 0.8875 138.5 467500 21.30 50.52 55.40 16.19 19.28 0.03313 -0.2111 0.4377 0.03970 0.09351
BK61-C1-S3 Vein quartz 2030.1 4.911 47.69 0.3840 92.24 467500 11.98 27.08 48.70 18.57 17.99 0.02700 -0.3102 2.062 3.220 0.4549
BK61-C2-S1 Vein quartz 2030.1 8.629 28.86 0.7220 145.9 467500 18.34 35.49 50.47 61.81 60.61 0.0004643 0.4621 0.6571 1.868 0.3310
BK61-C2-S2 Vein quartz 2030.1 5.280 23.15 0.6304 90.94 467500 13.61 18.60 -21.96 46.50 42.67 0.01512 -0.04777 0.2234 2.056 0.6154
BK61-C2-S3 Vein quartz 2030.1 8.444 9.284 0.9286 141.8 467500 14.36 25.15 38.92 73.17 70.61 0.01931 0.09168 0.4105 3.196 0.2632
BK61-C2-S4 Vein quartz 2030.1 6.722 6.776 0.7914 132.2 467500 14.43 28.32 -33.61 61.46 64.15 0.004648 0.05277 0.2943 5.967 0.3857
BK63-C1-S1 Vein quartz 1817.2 4.840 17.84 0.1134 51.35 467500 21.36 7.183 31.68 14.58 15.02 0.01216 0.05126 0.06086 0.2739 0.4087
BK63-C1-S1 Vein quartz 1818.6 4.111 25.30 0.1519 69.63 467500 18.42 20.35 22.34 30.20 27.33 0.02291 0.01238 1.939 2.338 1.720
BK63-C1-S2 Vein quartz 1817.2 6.051 14.96 0.1111 66.33 467500 24.70 5.953 20.82 32.54 32.39 0.009722 0.008051 0.08768 1.027 1.185
BK63-C1-S2 Vein quartz 1818.6 5.353 13.66 0.3226 66.89 467500 21.83 8.452 15.13 31.43 34.67 0.01254 0.05175 0.02971 -0.2260 0.6904
BK63-C1-S3 Vein quartz 1817.2 3.153 1.863 -0.01468 30.17 467500 23.12 0.2265 5.829 13.71 13.27 0.001378 0.1298 0.002097 -0.6023 0.07235





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK63-C1-S4 Vein quartz 1817.2 6.016 23.17 0.1575 64.14 467500 20.55 13.58 16.50 19.85 17.62 0.01143 0.1210 0.1545 2.088 0.8971
BK63-C1-S4 Vein quartz 1818.6 5.539 36.31 0.4786 207.5 467500 21.39 77.22 57.49 25.03 27.23 0.01662 0.06454 1.095 43.21 39.90
BK63-C2-S1 Vein quartz 1817.2 4.257 10.74 0.04297 37.53 467500 21.71 5.475 23.72 14.52 14.91 0.005620 0.05851 0.03214 1.370 0.2013
BK63-C2-S1 Vein quartz 1818.6 3.742 8.254 0.05115 35.47 467500 22.51 5.011 17.81 11.80 11.25 0.008030 0.02071 0.1194 3.514 6.790
BK63-C2-S2 Vein quartz 1818.6 4.829 22.43 0.2473 101.1 467500 22.03 72.42 3.907 29.81 30.06 0.01379 -0.04761 0.1628 35.16 35.33
BK63-C2-S3 Vein quartz 1817.2 5.130 15.83 0.5550 59.78 467500 22.49 9.297 14.82 31.69 32.37 0.008416 -0.04302 0.1328 0.8043 0.4557
BK63-C2-S3 Vein quartz 1818.6 8.504 16.21 0.4319 102.2 467500 24.15 21.39 42.22 36.00 36.31 0.009230 0.05254 0.1465 1.306 2.642
BK63-C2-S4 Vein quartz 1818.6 6.588 22.36 4.934 275.4 467500 23.56 193.2 27.13 69.52 71.50 1.416 0.3516 0.1473 57.92 21.32
BK63-C3-S1 Vein quartz 1817.2 5.864 2.356 0.4143 56.14 467500 19.76 1.667 -6.757 26.30 26.57 0.002181 0.04101 -0.02271 0.9960 -0.03278
BK63-C3-S1 Vein quartz 1818.6 5.864 2.356 0.4143 56.14 467500 19.76 1.667 -6.757 26.30 26.57 0.002181 0.04101 -0.02271 0.9960 -0.03278
BK63-C3-S2 Vein quartz 1817.2 4.142 28.25 0.1255 41.89 467500 19.28 13.64 -6.105 9.078 9.578 -0.004200 0.09044 0.04454 4.296 0.6093
BK63-C3-S2 Vein quartz 1818.6 4.165 19.12 37.07 377.5 467500 186.0 11.27 269.5 40.60 41.37 14.71 12.31 0.7662 1472 357.6
BK63-C3-S3 Vein quartz 1817.2 3.170 -0.6686 0.1525 30.69 467500 18.57 0.01747 36.40 7.591 8.311 0.05582 0.01398 -0.01504 6.465 1.473
BK63-C3-S3 Vein quartz 1818.6 4.214 0.8053 1.044 40.80 467500 25.68 0.8069 15.93 14.98 18.91 0.3349 0.4175 0.06682 34.85 8.427
BK63-C3-S4 Vein quartz 1817.2 6.810 4.409 0.1666 65.86 467500 27.23 3.743 8.469 28.14 29.91 0.01387 -0.03970 0.04647 0.3569 0.5603
BK63-C3-S4 Vein quartz 1818.6 6.785 7.785 0.2170 68.15 467500 25.56 5.170 29.77 29.70 31.39 0.02439 -0.02012 0.02785 -0.8310 0.7658
BK63-C4-S1 Vein quartz 1818.6 6.338 56.11 15.43 172.1 467500 20.54 21.04 41.55 10.75 10.18 0.09711 0.1466 1.314 23.81 28.26
BK63-C4-S2 Vein quartz 1818.6 5.747 27.22 0.5736 55.94 467500 19.93 14.48 -17.61 7.971 10.46 0.006310 0.05230 0.7250 35.31 36.70
BK63-C5-S1 Vein quartz 1818.6 6.193 10.78 11.46 171.5 467500 21.40 18.56 25.37 89.18 90.99 0.03710 0.08820 0.2226 12.53 5.179
BK63-C5-S2 Vein quartz 1818.6 8.253 27.73 2.654 120.5 467500 21.06 14.77 23.48 94.64 96.21 0.004063 0.07449 0.3512 5.243 0.4487
BK63-C5-S3 Vein quartz 1818.6 8.571 23.66 4.176 107.6 467500 19.65 20.97 31.43 86.95 88.31 0.009832 -0.04312 1.445 10.46 0.1369
BK025-C1-S1 Breccia Cement 0.0 0.1474 -1.168 0.1246 1.386 467500 17.14 0.3798 -16.24 0.4553 0.08961 0.006990 0.000 0.03257 -1.013 -0.04946
BK025-C1-S4 Breccia Cement 0.0 99.77 21.57 0.3798 1618 467500 18.47 53.27 -3.466 0.3132 0.1219 0.01198 -0.08314 0.008605 0.1165 -0.001324
BK025-C2-S1 Breccia Cement 0.0 0.1260 -1.019 0.08216 2.431 467500 19.91 0.1708 -12.12 0.2374 0.1925 0.007042 0.05720 0.04597 0.07938 0.01189
BK025-C2-S3 Breccia Cement 0.0 492.5 64.03 0.3313 3073 467500 16.45 32.32 21.50 2.098 1.992 0.0007402 -0.006621 0.1191 -0.3561 -0.01955
BK025-C2-S4 Breccia Cement 0.0 450.2 4.010 0.2401 2824 467500 15.64 5.455 11.66 1.967 1.853 0.0009854 0.03218 0.06061 0.5409 0.01540
BK025-C3-S1 Breccia Cement 0.0 1.657 -0.5555 0.001008 11.84 467500 18.37 4.110 4.054 0.1486 -0.1493 0.001502 -0.02838 -0.004840 0.6920 -0.02558
BK025-C3-S2 Breccia Cement 0.0 1.242 -0.5488 0.01275 7.415 467500 12.60 2.878 85.41 0.1777 0.02593 0.01097 0.01424 0.02012 0.05630 -0.03156
BK025-C3-S3 Breccia Cement 0.0 0.9006 -3.058 0.01291 9.512 467500 25.41 1.578 -38.26 0.3314 -0.1803 -0.004609 -0.05553 0.03902 -0.2938 0.03477
BK025-C3-S4 Breccia Cement 0.0 0.2257 -3.287 0.09564 4.118 467500 15.24 0.8384 47.03 0.3412 0.04143 -0.01709 -0.03612 -0.03248 1.501 -0.01913
BK025-C4-S2 Breccia Cement 0.0 36.98 13.05 0.03040 431.7 467500 18.89 46.44 -7.950 0.2495 0.007164 0.002552 0.06458 0.02881 0.8054 0.06658
BK025-C4-S2 Breccia Cement 0.0 558.1 1.027 0.07068 3784 467500 17.88 3.660 -6.878 0.8651 0.3914 0.002780 -0.01214 0.02826 0.3609 -0.003763
BK025-C4-S2 Breccia Cement 0.0 562.6 10.78 -0.0009721 3754 467500 20.07 11.84 -40.05 2.577 1.903 -0.006367 0.02782 0.01573 -0.6576 0.03381
BK104-C1-S1 Breccia Cement 361.5 3.216 7.874 299.1 868.6 467500 13.78 307.2 256.8 3.045 3.142 2.139 0.2268 14.43 137.5 3.671
BK104-C1-S2 Breccia Cement 361.5 4.576 10.84 305.8 1074 467500 15.83 325.7 364.8 24.21 25.51 1.991 0.3712 18.09 160.9 1.651
BK104-C1-S3 Breccia Cement 361.5 5.969 -1.800 1.515 201.9 467500 13.31 4.315 5.056 0.6749 0.3560 0.03062 0.1693 0.3127 2.717 -0.007421
BK104-C1-S4 Breccia Cement 361.5 2.581 5.837 277.1 674.5 467500 16.24 262.1 313.5 4.834 7.047 1.818 0.3764 13.71 142.0 8.227
BK104-C1-S5 Breccia Cement 361.5 5.732 2.303 32.29 349.7 467500 13.10 53.09 105.7 0.9080 0.9019 0.1865 -0.04281 2.192 434.3 0.9515
BK104-C2-S1 Breccia Cement 361.5 6.732 7.081 293.2 1681 467500 22.02 522.0 593.4 3.862 3.701 5.514 0.8174 16.26 153.9 0.5531
BK104-C2-S2 Breccia Cement 361.5 5.776 8.985 273.9 1929 467500 40.35 420.7 671.7 5.078 5.526 8.827 1.589 18.44 129.2 1.039
BK104-C2-S3 Breccia Cement 361.5 1.285 8.869 20.35 323.1 467500 17.38 107.0 209.8 3.297 3.220 0.6905 0.06852 7.355 14.20 1.013
BK104-C2-S4 Breccia Cement 361.5 6.258 15.10 56.53 924.3 467500 13.52 406.3 -41.45 49.13 45.50 3.472 0.4800 5.630 41.80 0.6281





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK104-C3-S1 Breccia Cement 361.5 4.122 13.25 22.07 568.7 467500 13.42 84.46 250.3 1.820 2.629 0.04208 -0.08587 2.806 9.826 1.072
BK104-C3-S2 Breccia Cement 361.5 5.391 15.24 124.3 1158 467500 14.10 219.0 539.2 8.412 8.639 2.477 0.1132 14.57 55.35 2.403
BK104-C3-S5 Breccia Cement 361.5 1.542 10.37 11.00 134.8 467500 17.46 28.97 -46.26 19.97 21.93 0.07368 0.2275 4.906 22.10 0.1058
BK50-C2-S1 Igneous 3090.9 8.585 28.22 0.6829 168.0 467500 18.63 39.01 19.00 73.54 70.08 0.01128 0.05071 0.1990 0.7114 -0.05548
BK50-C2-S2 Igneous 3090.9 7.556 56.99 1.060 114.5 467500 18.43 17.01 71.66 38.88 38.14 0.01824 0.2000 2.620 8.449 0.5295
BK50-C2-S3 Igneous 3090.9 7.258 3.503 0.6080 86.31 467500 21.22 4.668 -30.10 59.61 63.41 0.04259 -0.03742 0.5651 5.539 -0.009853
BK50-C2-S4 Igneous 3090.9 7.466 -0.1485 1.079 95.89 467500 16.82 2.527 60.79 68.04 61.90 0.005352 0.02799 0.09790 3.739 0.1732
BK50-C2-S5 Igneous 3090.9 7.270 10.80 2.666 137.9 467500 14.90 23.32 -5.053 69.79 69.18 0.02433 0.1237 0.3020 4.048 0.03751
BK100-C3-S1 Igneous 1443.7 8.712 26.00 1.270 65.11 467500 13.44 11.50 14.02 18.29 18.10 -0.004424 0.03224 0.1562 0.4993 0.4900
BK100-C3-S2 Igneous 1443.7 11.34 -2.219 0.4761 77.58 467500 12.00 0.1782 -12.63 24.93 24.57 0.005125 -0.09035 0.03673 0.5578 0.1391
BK100-C3-S4 Igneous 1443.7 14.25 -1.396 0.9379 101.6 467500 15.16 1.859 -18.34 77.20 72.49 0.09187 0.09551 0.08155 28.44 0.3901
BK101-C1-S1 Igneous 1061.5 7.649 26.25 1.456 104.9 467500 18.34 30.53 29.64 40.05 38.73 0.003805 0.1426 0.08122 1.382 0.4028
BK101-C1-S2 Igneous 1061.5 8.267 1.117 0.4877 97.95 467500 20.03 3.951 34.61 36.36 35.13 -0.009850 0.000 0.1622 1.138 0.3770
BK101-C1-S3 Igneous 1061.5 8.570 0.2789 0.4644 90.66 467500 20.72 2.289 11.93 55.15 56.17 0.002666 -0.005484 0.07526 1.459 -0.01176
BK101-C1-S4 Igneous 1061.5 9.876 1.323 0.6935 111.1 467500 16.43 2.673 -7.213 51.62 53.32 0.005909 -0.04651 0.05280 0.8084 -0.02103
BK101-C1-S5 Igneous 1061.5 11.41 1.588 0.9191 118.4 467500 16.51 6.394 -5.899 60.04 58.59 -0.006124 0.1569 0.1772 0.3879 0.2758
BK44-C2-S1 Sedimentary 1600.4 8.322 9.983 0.4053 68.54 467500 18.05 3.157 9.569 40.83 38.49 0.02021 0.05160 0.1568 1.259 0.9803
BK44-C2-S2 Sedimentary 1600.4 7.441 -6.135 0.2109 68.65 467500 18.22 3.441 -1.280 48.59 52.57 -0.01246 -0.1806 0.09731 2.201 5.253
BK44-C2-S4 Sedimentary 1600.4 9.319 2.043 1.063 81.24 467500 16.40 8.025 -27.61 55.40 54.29 0.03523 0.06140 0.08992 -0.4643 1.159
BK44-C4-S1 Sedimentary 1600.4 7.809 5.139 0.2326 64.10 467500 14.65 1.255 -14.48 49.84 51.44 0.01580 0.1327 0.1201 1.312 0.4960
BK44-C4-S2 Sedimentary 1600.4 7.888 -5.787 0.4170 70.69 467500 13.38 2.386 144.9 45.09 50.98 0.006798 0.09263 -0.03655 2.156 -0.07849
BK44-C4-S3 Sedimentary 1600.4 6.844 6.433 0.6705 59.99 467500 15.01 4.537 -45.38 47.46 45.82 0.01705 0.1225 0.1666 1.703 1.140
BK44-C4-S4 Sedimentary 1600.4 6.269 1.806 0.2913 54.55 467500 14.36 3.997 10.70 43.98 40.69 0.05047 -0.08284 0.08652 16.26 0.9335
BK17-C2-S1 Sedimentary 770.8 0.8985 3.185 2.108 200.3 467500 14.06 95.23 28.66 68.35 67.73 0.0003837 0.05873 0.2491 12.45 -0.003795
BK17-C2-S2 Sedimentary 770.8 1.235 10.24 1.348 151.8 467500 11.23 68.53 -27.03 60.42 58.71 -0.001097 0.1654 0.3512 8.660 0.01692
BK17-C2-S3 Sedimentary 770.8 1.094 12.64 1.917 166.0 467500 13.47 76.79 36.04 59.32 59.33 -0.006571 -0.08013 0.6122 11.18 0.03829
BK17-C4-S2 Sedimentary 770.8 1.708 3.727 1.382 64.24 467500 13.90 24.37 -9.629 38.00 37.39 0.01482 0.1103 0.4944 13.54 0.03530
BK17-C4-S3 Sedimentary 770.8 0.8891 -3.442 1.781 35.12 467500 14.88 13.76 -21.93 20.63 22.73 -0.003342 0.1627 0.3296 6.153 0.09411
BK12-C1-S1 Sedimentary 1475.3 4.096 22.75 1.223 125.3 467500 16.27 22.81 2.123 51.07 50.43 -0.001789 0.04508 0.3616 2.742 0.06212
BK12-C1-S2 Sedimentary 1475.3 4.755 52.98 1.664 199.0 467500 16.33 51.49 108.6 54.95 54.68 -0.006313 0.03427 0.9350 9.322 0.3619
BK12-C1-S3 Sedimentary 1475.3 5.737 26.43 21.97 438.1 467500 19.87 168.7 258.3 62.05 61.49 0.4016 0.3487 1.645 145.3 0.7037
BK12-C3-S1 Sedimentary 1475.3 9.810 -2.582 0.3546 83.74 467500 14.16 0.6097 6.132 45.67 45.44 0.003769 0.08336 0.1413 8.048 0.06908
BK12-C3-S2 Sedimentary 1475.3 11.07 -0.6094 0.2493 105.8 467500 17.08 4.434 12.75 34.93 37.12 0.01191 -0.003699 0.2774 3.336 0.02024
BK12-C3-S3 Sedimentary 1475.3 8.289 9.272 0.3197 86.37 467500 14.62 6.928 3.666 16.22 15.89 0.0006596 0.01130 0.1389 -0.2455 0.06940
BK13-C1-S1 Sedimentary 1381.0 9.958 38.08 1.105 199.7 467500 20.07 32.53 11.62 38.11 39.23 0.003695 0.02977 1.567 15.19 -0.03671
BK13-C1-S2 Sedimentary 1381.0 8.966 24.05 1.047 200.0 467500 14.45 32.95 54.54 43.59 43.18 0.01068 -0.03814 1.847 19.54 0.03438
BK13-C1-S3 Sedimentary 1381.0 7.774 30.89 1.411 154.8 467500 17.74 24.06 40.98 40.21 41.62 0.01272 -0.004049 1.967 13.13 -0.008117
BK13-C6-S1 Sedimentary 1381.0 50.84 79.88 0.3212 917.6 467500 18.78 90.15 -2.141 1.113 0.7740 0.0009092 -0.06926 0.09236 -1.249 -0.06380
BK13-C6-S1 Sedimentary 1381.0 43.19 80.16 1.073 1082 467500 18.34 194.2 24.36 1.415 0.9856 -0.01234 0.05210 0.06402 1.524 -0.1184
BK13-C6-S1 Sedimentary 1381.0 45.09 65.73 1.832 875.2 467500 19.03 126.1 33.85 1.492 0.9705 0.01380 0.2872 0.2099 7.432 0.03753
BK61-C3-S1 Sedimentary 2030.1 9.918 25.68 4.383 204.3 467500 17.07 25.97 65.92 91.10 83.89 0.01383 0.01253 0.5110 12.67 0.0009866
BK61-C3-S2 Sedimentary 2030.1 9.571 12.14 2.428 186.4 467500 17.33 30.02 53.91 78.46 76.27 -0.0005191 0.2199 0.3404 11.46 -0.02499





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK15-C1-S3 Sedimentary 981.5 9.773 6.272 0.2224 93.50 467500 17.32 9.759 13.18 115.7 120.7 0.004353 0.07397 0.2233 7.120 0.02339
BK15-C1-S4 Sedimentary 981.5 10.63 13.11 0.6491 101.8 467500 17.08 13.22 23.57 118.6 122.7 0.03586 -0.06752 0.5289 15.90 0.009425
BK15-C5-S1 Sedimentary 981.5 0.01935 -2.127 -0.0009828 2.574 467500 20.40 -0.4564 -0.3869 0.09974 0.006264 -0.004053 -0.09703 0.01360 -0.1172 0.0003009
BK15-C5-S2 Sedimentary 981.5 3.621 -3.641 0.05286 30.43 467500 18.71 -0.1159 14.72 0.3449 -0.07610 0.005662 -0.003820 0.002876 -0.7653 -0.003923
BK15-C5-S3 Sedimentary 981.5 3.618 4.762 0.4121 47.43 467500 19.92 7.693 59.25 53.89 54.53 0.000 0.1062 0.1295 1.091 0.007952
BK15-C5-S4 Sedimentary 981.5 4.439 6.207 0.09340 63.11 467500 18.61 11.42 6.156 53.84 55.40 -0.001458 0.08843 0.3423 0.5301 -0.006061
BK03-C3-S1 Sedimentary 337.4 4.705 -3.991 0.1918 48.08 467500 11.05 0.5402 -0.4822 29.02 28.23 -0.01454 0.07795 0.01150 1.778 0.003935
BK03-C3-S2 Sedimentary 337.4 5.667 -9.942 4.276 103.9 467500 13.35 34.52 81.19 32.63 34.84 0.1181 -0.1438 0.08614 5.495 -0.03968
BK59-C3-S1 Sedimentary 2339.0 5.674 0.2680 0.1625 76.30 467500 11.48 4.565 2.307 8.983 8.374 -0.006825 0.1331 0.7396 2.287 0.08331
BK59-C3-S2 Sedimentary 2339.0 11.78 32.09 0.5306 265.0 467500 12.89 39.23 -5.326 18.92 18.41 -0.006983 0.2002 2.594 23.92 0.2802
BK59-C3-S3 Sedimentary 2339.0 1.157 6.310 0.1188 18.72 467500 8.405 3.266 44.00 12.93 12.92 0.01024 0.1329 1.263 9.448 1.309
BK59-C3-S4 Sedimentary 2339.0 3.013 0.5564 1.684 109.6 467500 11.23 32.97 -42.09 23.88 24.09 -0.008039 0.01576 0.1009 5.237 0.07415
BK59-C4-S1 Sedimentary 2339.0 3.078 -0.4011 1.473 88.01 467500 15.96 17.52 -27.49 51.38 49.89 0.002332 -0.1072 0.1661 6.631 0.06163
BK59-C4-S2 Sedimentary 2339.0 3.504 56.90 2.160 90.91 467500 14.67 56.99 53.61 48.27 53.97 0.001474 -0.1034 6.378 42.79 0.03388
BK59-C4-S3 Sedimentary 2339.0 2.921 2.216 7.964 249.5 467500 13.14 133.2 21.81 76.09 75.00 0.1940 0.3008 0.6031 26.41 0.02613
BK102-C3-S1 Sedimentary 890.8 3.777 16.49 1.268 81.15 467500 14.02 28.06 21.39 31.99 32.57 0.01151 -0.02355 1.068 11.49 -0.02608
BK102-C3-S2 Sedimentary 890.8 3.491 11.59 0.3415 45.26 467500 13.35 9.131 -19.56 25.54 24.59 0.007427 0.09437 1.362 7.296 0.1410
BK102-C3-S3 Sedimentary 890.8 3.845 40.56 1.304 87.35 467500 11.39 51.69 -5.435 54.54 55.72 0.02037 0.08213 4.731 34.70 0.3116
BK102-C3-S4 Sedimentary 890.8 2.920 7.083 0.3002 36.92 467500 11.22 7.901 11.42 10.47 10.71 -0.009279 0.1671 0.8911 6.499 0.03680
BK106-C1-S1 Sedimentary 466.2 3.014 2.273 2.470 69.20 467500 16.42 9.618 109.8 16.38 15.09 -0.006323 -0.1152 1.384 12.11 0.2012
BK106-C1-S2 Sedimentary 466.2 2.841 2.626 2.877 139.7 467500 10.67 13.75 -6.161 13.99 12.40 0.03543 0.2856 0.3530 24.49 0.2883
BK106-C1-S3 Sedimentary 466.2 3.103 3.937 6.166 161.6 467500 6.834 15.49 -44.20 14.87 16.14 0.009588 -0.03196 1.432 39.86 1.369
BK106-C4-S2 Sedimentary 466.2 7.597 -1.954 0.5751 75.85 467500 11.22 7.736 -22.43 35.98 35.54 -0.0006786 -0.04927 0.09588 0.2169 0.06706
BK106-C4-S3 Sedimentary 466.2 6.760 31.18 1.356 107.9 467500 12.09 19.06 43.72 30.04 30.56 -0.02796 -0.01605 0.1574 5.445 0.06884
BK106-C4-S4 Sedimentary 466.2 1.422 51.14 0.3452 17.17 467500 12.92 34.45 70.82 7.636 8.580 0.01279 -0.02247 0.3376 1.565 1.132
BK106-C4-S5 Sedimentary 466.2 0.9569 52.33 0.7464 34.47 467500 10.83 12.42 13.04 19.27 22.19 -0.005204 0.07449 0.2878 4.143 0.1463
BK106-C5-S1 Sedimentary 466.2 4.671 8.822 0.6022 118.2 467500 12.18 31.99 -28.65 37.83 38.70 0.004927 -0.09174 0.6413 7.397 0.08456
BK106-C5-S2 Sedimentary 466.2 5.117 -0.2535 0.6123 110.3 467500 11.55 13.18 30.78 36.47 39.35 0.006988 0.07215 0.1405 2.259 -0.02779
BK106-C5-S3 Sedimentary 466.2 5.004 -0.3814 0.6694 94.21 467500 5.258 12.49 41.41 39.22 40.64 -0.008134 -0.1864 0.3296 2.764 0.01029
BK18-C1-S1 Sedimentary 608.8 2.103 22.41 0.6757 198.1 467500 12.23 84.81 37.32 50.87 48.74 0.001249 0.1495 0.3604 7.765 0.06206
BK18-C1-S2 Sedimentary 608.8 0.9804 9.544 0.3066 111.6 467500 11.44 44.74 52.24 49.78 52.93 0.001689 0.003389 0.5590 10.14 0.2603
BK18-C1-S3 Sedimentary 608.8 0.9741 11.16 0.5238 71.60 467500 10.47 26.29 -46.26 38.59 39.02 0.08981 -0.1407 0.4065 6.407 0.9545
BK18-C3-S1 Sedimentary 608.8 2.112 -1.444 0.6654 32.22 467500 10.87 -0.1268 0.9420 30.45 31.94 -0.001812 0.1372 0.02786 0.3302 -0.01255
BK18-C3-S2 Sedimentary 608.8 3.282 -3.100 0.2846 45.92 467500 12.22 1.163 17.79 31.51 30.49 0.007593 -0.1576 0.07016 -0.3258 0.04334
BK18-C3-S3 Sedimentary 608.8 1.871 -2.500 0.07967 27.73 467500 12.06 1.562 30.11 26.83 25.69 0.005609 0.04836 0.07701 1.147 -0.04079
BK20-C1-S2 Sedimentary 640.5 0.8910 -2.047 0.9656 27.36 467500 12.05 7.215 -31.36 56.89 57.96 -0.001324 -0.1010 0.05400 5.577 -0.005998
BK20-C1-S3 Sedimentary 640.5 0.4176 -3.813 19.80 47.15 467500 16.78 8.151 98.46 56.60 53.16 0.05551 0.2061 0.4824 112.2 0.1170
BK20-C1-S4 Sedimentary 640.5 -0.01950 -1.333 3.295 22.52 467500 12.11 3.581 -61.04 46.26 42.47 -0.003153 0.01386 0.1849 42.46 0.09494
BK20-C2-S1 Sedimentary 640.5 5.825 -1.107 0.02717 72.57 467500 14.57 7.333 -10.62 33.45 32.46 -0.008166 -0.1231 0.07308 1.978 0.02529
BK20-C2-S2 Sedimentary 640.5 5.176 -0.6465 0.1973 101.7 467500 17.62 13.63 -16.56 30.18 28.74 0.04216 -0.05338 0.1358 25.78 0.03826
BK20-C2-S3 Sedimentary 640.5 5.284 8.126 0.1524 98.50 467500 13.65 8.540 43.57 33.65 32.99 0.005121 0.03904 0.5129 14.48 0.1175
BK20-C2-S4 Sedimentary 640.5 4.789 31.44 10.90 151.5 467500 12.54 12.17 55.49 41.78 39.33 0.05500 0.2579 1.193 103.2 0.08446





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Li7 Na23 Mg24 Al27 Si29 P31 K39 Ca43 Ti47 Ti49 V51 Cr53 Mn55 Fe57 Cu63
BK021-C1-S2 Sedimentary 517.7 6.810 28.59 131.2 2517 467500 142.1 1291 41.31 256.1 254.9 2.723 1.753 5.668 642.0 2.076
BK021-C2-S1 Sedimentary 517.7 3.357 10.08 0.8833 126.3 467500 16.49 33.30 30.13 54.19 56.25 0.004879 0.01918 2.211 5.893 -0.05640
BK021-C2-S2 Sedimentary 517.7 1.952 2.465 1.448 64.89 467500 16.15 27.66 2.850 31.65 35.30 0.007242 0.09805 0.9868 5.485 0.1738
BK021-C2-S3 Sedimentary 517.7 0.6212 7.825 1.230 53.00 467500 14.28 17.58 4.349 13.55 12.72 0.007119 -0.08239 1.805 4.928 0.1223
BK021-C2-S4 Sedimentary 517.7 0.8156 4.007 0.6140 76.29 467500 13.97 27.00 -17.49 55.46 53.63 -0.01554 0.1256 1.523 8.561 0.03010
BK63-C4-S1 Sedimentary 1817.2 5.974 57.60 0.2691 79.34 467500 21.38 19.78 35.03 10.87 9.250 0.008581 0.3036 0.6569 1.933 0.2230
BK63-C4-S2 Sedimentary 1817.2 4.367 20.07 1.966 53.64 467500 23.76 6.390 8.727 11.00 11.28 0.004991 0.04627 0.4017 2.262 2.503
BK63-C5-S1 Sedimentary 1817.2 6.970 5.141 1.113 74.77 467500 20.74 3.928 -6.436 83.35 83.60 0.008080 -0.02242 0.09725 3.231 0.2360
BK63-C5-S2 Sedimentary 1817.2 8.418 26.62 2.321 122.3 467500 21.10 12.94 16.80 95.71 99.00 0.004458 0.06823 0.3462 4.672 0.3707





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK01-C1-S1 Vein quartz 591.4
BK01-C1-S2 Vein quartz 591.4
BK01-C1-S3 Vein quartz 591.4
BK01-C2-S1 Vein quartz 591.4
BK01-C2-S2 Vein quartz 591.4
BK01-C2-S3 Vein quartz 591.4
BK01-C2-S4 Vein quartz 591.4
BK01-C3-S1 Vein quartz 591.4
BK01-C3-S2 Vein quartz 591.4
BK01-C3-S3 Vein quartz 591.4
BK01-C5-S1 Vein quartz 591.4
BK01-C5-S4 Vein quartz 591.4
BK021-C3-S1 Vein quartz 517.7
BK021-C3-S2 Vein quartz 517.7
BK021-C3-S4 Vein quartz 517.7
BK021-C4-S1 Vein quartz 517.7
BK021-C4-S3 Vein quartz 517.7
BK021-C4-S4 Vein quartz 517.7
BK021-C4-S5 Vein quartz 517.7
BK03-C1-S2 Vein quartz 337.4
BK03-C4-S1 Vein quartz 337.4
BK03-C4-S2 Vein quartz 337.4
BK03-C4-S3 Vein quartz 337.4
BK06-C1-S1 Vein quartz 940.0
BK06-C1-S2 Vein quartz 940.0
BK06-C1-S3 Vein quartz 940.0
BK06-C1-S4 Vein quartz 940.0
BK06-C2-S1 Vein quartz 940.0
BK06-C2-S2 Vein quartz 940.0
BK06-C2-S4 Vein quartz 940.0
BK06-C2-S5 Vein quartz 940.0
BK06-C3-S1 Vein quartz 940.0
BK06-C3-S2 Vein quartz 940.0
BK06-C3-S3 Vein quartz 940.0
BK09-C1-S1 Vein quartz 1043.0
BK09-C1-S2 Vein quartz 1043.0
BK09-C1-S3 Vein quartz 1043.0
BK09-C1-S4 Vein quartz 1043.0
BK09-C2-S1 Vein quartz 1043.0
BK09-C2-S2 Vein quartz 1043.0
BK09-C2-S4 Vein quartz 1043.0
BK09-C3-S2 Vein quartz 1043.0
BK09-C3-S3 Vein quartz 1043.0
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
1.629 0.2496 1.144 0.09001 0.6173 0.6021 0.007791 -0.008761 0.009550 0.1034 0.002200 -0.002477
0.1567 0.08009 0.9644 0.01398 0.04242 0.04994 0.005776 -0.009036 0.007599 0.03660 0.01402 0.007470
0.2415 0.1139 1.103 -0.07488 0.07149 0.03908 -0.005587 0.009350 0.03100 0.02357 0.009549 0.003842
-0.08215 -0.01022 2.802 0.04604 0.03497 0.07186 0.003896 0.005894 0.003697 0.06522 0.01149 -0.005732
0.08979 -0.03592 1.985 -0.03475 0.03320 0.1476 0.007185 0.009444 0.01458 0.04052 -0.01568 0.0006403
-0.008771 0.03138 3.154 0.1158 0.1052 0.1343 0.01799 0.01204 0.02017 0.05154 -0.002145 0.0004665
0.1857 -0.01828 2.792 0.1182 0.01304 0.02580 -0.005311 -0.01573 0.008789 0.02364 -0.008698 -0.002403
0.07843 0.006077 2.407 0.1833 0.1259 0.06987 0.001616 -0.01092 0.04394 0.08780 0.002294 0.0005546
0.01915 -0.08551 2.216 0.05017 0.1813 0.05887 -0.002422 -0.01198 0.03878 0.1467 -0.008915 -0.001702
0.001644 0.1844 1.987 -0.1450 0.1409 0.2766 -0.01165 0.01680 0.01345 0.1221 0.01210 0.009128
1.544 0.2045 1.979 0.2425 -0.001550 0.04188 0.02042 0.01154 0.09854 0.004645 0.01255 -0.006801
0.3472 -0.001639 2.154 0.01982 0.03229 0.02241 -0.001222 0.004994 -0.004368 0.005694 -0.006831 0.002895
0.03619 0.2286 4.753 1.901 0.7885 0.6954 0.01719 -0.006929 1.913 0.04625 -0.0002583 -0.0007697
0.01460 4.648 2.036 1.597 0.6819 0.3201 0.01229 0.4492 1.356 0.03150 0.006946 -0.001231
0.05758 0.3549 3.080 1.658 2.724 0.7852 1.686 0.01895 0.6717 0.05569 -0.005790 0.04030
0.7785 0.1402 3.766 1.767 0.6614 1.039 0.007719 -0.005289 0.1621 0.06283 0.003868 -0.0005637
0.08845 0.5695 3.146 1.749 2.149 0.6154 0.06212 0.005063 2.559 0.1099 0.007747 0.004916
0.2532 0.3651 3.645 1.615 1.961 0.7782 0.05665 0.009169 2.944 0.1301 0.0006010 0.003628
0.02237 0.1394 1.370 1.675 0.4113 0.1249 -0.002140 -0.004040 0.4393 0.01619 0.008513 0.002474
0.1041 0.1480 0.9992 0.06729 0.05632 0.003054 0.009748 0.01880 0.05496 0.007848 0.002052 0.001151
0.4361 1.367 0.9347 0.3463 0.4610 0.1778 0.02812 -0.02481 0.3093 0.1090 0.005717 -0.005958
0.2848 0.06373 0.7427 0.07048 0.1004 0.01879 0.0002101 0.04454 0.1654 0.01466 0.003773 0.00008665
2.162 0.6616 0.7533 0.5281 0.1856 0.05677 0.03430 0.5165 0.04737 0.03576 0.006113 0.0001967
0.01224 0.4375 2.563 10.14 0.04999 0.07555 -0.005311 -0.004488 0.1303 0.04503 -0.006986 0.005311
-0.04753 0.1134 2.013 9.008 0.1231 0.02066 0.003655 -0.002330 0.003896 -0.001175 0.004259 -0.002698
0.09112 0.04168 2.453 9.849 0.2676 0.05103 -0.003237 0.002602 0.05150 0.004152 -0.005057 -0.008498
0.2961 0.1412 2.157 10.10 0.1684 0.03691 0.01037 0.01137 0.02752 0.1057 -0.009326 0.001650
0.1198 0.1884 1.892 9.652 -0.002841 0.01492 -0.001605 0.02092 -0.001217 0.02435 -0.007525 0.0009463
0.2927 0.002186 2.148 9.741 0.03065 0.02607 0.002310 -0.0003875 0.01089 0.007214 -0.004511 -0.002166
0.2500 -0.006360 2.050 7.526 0.02035 0.02747 -0.007186 0.01831 0.01541 0.007250 0.003063 -0.0001401
0.6369 0.1139 2.001 7.462 0.03017 0.1141 0.006111 0.07259 0.02884 0.009133 -0.006805 0.001147
2.991 0.01362 2.095 9.454 0.02670 0.03089 -0.001330 0.09301 0.07414 0.02693 -0.004402 -0.002232
0.3235 0.1951 2.176 7.767 0.07082 0.07807 0.002456 -0.003499 0.03825 0.1139 -0.004667 -0.001121
0.08831 0.2073 2.193 8.679 0.01527 0.02955 0.000 -0.01005 0.01371 0.003924 -0.005187 0.006228
0.1143 0.01769 1.257 4.894 0.07752 0.1419 -0.002216 0.01029 0.06717 0.09913 0.001254 -0.0001014
0.1361 0.06268 0.8024 4.102 0.2077 0.2026 0.002169 0.2282 0.5420 0.1414 0.006664 0.006184
1.982 1.998 1.135 3.773 0.2398 0.2943 0.0001995 0.04366 0.1028 0.2047 0.001493 0.008068
1.297 0.1341 0.9717 3.754 0.4071 0.4311 0.009655 0.02441 0.1822 0.2307 0.006372 -0.0001472
0.1759 0.05054 1.565 3.574 0.1258 0.2270 -0.009159 0.02258 0.4278 0.1382 0.0002965 0.0002877
0.3195 0.8549 1.362 3.613 0.2664 0.2771 0.0002016 -0.002387 0.1891 0.1928 0.01561 0.001619
2.074 -0.03232 1.275 3.932 0.1098 0.1640 -0.005008 0.05083 0.6440 0.1124 -0.005729 0.0005560
0.06555 0.1296 0.9986 3.093 1.295 0.7723 0.007165 0.01167 0.02946 0.4752 -0.005036 0.005363





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK09-C3-S4 Vein quartz 1043.0
BK09-C4-S1 Vein quartz 1043.0
BK09-C4-S2 Vein quartz 1043.0
BK09-C4-S3 Vein quartz 1043.0
BK09-C4-S4 Vein quartz 1043.0
BK100-C1-S2 Vein quartz 1443.7
BK100-C1-S3 Vein quartz 1443.7
BK100-C1-S4 Vein quartz 1443.7
BK100-C4-S1 Vein quartz 1443.7
BK100-C4-S2 Vein quartz 1443.7
BK100-C4-S3 Vein quartz 1443.7
BK100-C4-S4 Vein quartz 1443.7
BK101-C2-S1 Vein quartz 1061.5
BK101-C2-S2 Vein quartz 1061.5
BK101-C2-S3 Vein quartz 1061.5
BK101-C3-S1 Vein quartz 1061.5
BK101-C3-S1 Vein quartz 1061.5
BK101-C3-S2 Vein quartz 1061.5
BK101-C3-S3 Vein quartz 1061.5
BK101-C3-S4 Vein quartz 1061.5
BK101-C3-S5 Vein quartz 1061.5
BK101-C5-S1 Vein quartz 1061.5
BK101-C5-S1 Vein quartz 1061.5
BK102-C1-S1 Vein quartz 890.8
BK102-C1-S2 Vein quartz 890.8
BK102-C1-S3 Vein quartz 890.8
BK102-C1-S4 Vein quartz 890.8
BK102-C2-S1 Vein quartz 890.8
BK102-C2-S2 Vein quartz 890.8
BK102-C2-S3 Vein quartz 890.8
BK102-C2-S5 Vein quartz 890.8
BK106-C2-S1 Vein quartz 466.2
BK106-C2-S2 Vein quartz 466.2
BK106-C2-S3 Vein quartz 466.2
BK106-C3-S1 Vein quartz 466.2
BK106-C3-S2 Vein quartz 466.2
BK12-C2-S1 Vein quartz 1475.3
BK12-C2-S3 Vein quartz 1475.3
BK12-C4-S1 Vein quartz 1475.3
BK12-C4-S3 Vein quartz 1475.3
BK12-C6-S2 Vein quartz 1475.3
BK13-C3-S2 Vein quartz 1381.0
BK13-C3-S3 Vein quartz 1381.0
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.07444 0.1022 0.9556 2.920 0.03536 0.03991 -0.003207 -0.006462 0.03060 0.008806 -0.005197 -0.002553
0.3838 0.03399 1.391 3.917 0.2497 0.3082 0.01205 0.01685 0.003565 0.2023 -0.002410 0.001170
0.4618 0.1716 1.623 4.020 0.2312 0.1186 0.003923 0.07886 0.3520 0.2062 0.004564 -0.006924
0.7362 -0.003465 1.321 4.045 1.050 0.4838 -0.003871 0.002062 0.1421 0.2934 -0.003096 0.004151
0.8828 0.01515 1.642 4.153 0.3975 0.08855 0.001008 0.04150 0.1799 0.1452 -0.006009 0.002419
3.432 0.05142 1.382 3.685 0.01537 0.04770 0.006250 0.01648 0.01741 0.009455 -0.001401 0.003235
0.9599 0.2157 1.130 3.526 0.07343 0.2107 0.006108 0.01603 0.01255 0.1049 -0.002207 -0.00005261
0.2721 -0.005043 1.610 3.369 0.1131 0.07875 -0.0007089 -0.0004556 0.01494 0.1093 0.006641 -0.001975
0.02913 0.005278 1.530 3.332 0.3557 0.2482 0.001129 0.01318 0.02498 0.1486 0.002639 0.001369
0.1241 0.06866 1.609 2.870 0.3259 0.1290 0.004179 -0.003393 0.01678 0.1680 0.006041 -0.001486
1.169 0.1007 1.171 2.838 0.1677 0.1890 0.03431 -0.01595 -0.01168 0.1146 -0.005527 0.004807
0.6493 0.08675 1.350 3.777 0.4205 0.2408 0.002409 -0.01987 0.01722 0.1601 0.007418 0.0002961
0.5831 0.3996 2.253 3.786 0.1988 0.2970 0.0006431 0.009751 0.2614 0.1777 0.01412 -0.0006759
0.5275 0.09462 2.359 4.160 0.02835 0.03075 -0.004610 0.009164 0.08185 0.03504 -0.008255 0.001135
0.7877 0.02090 2.015 3.848 0.2443 0.07469 0.01112 0.007130 0.04855 0.1139 -0.01163 -0.0005297
0.02694 -0.03319 1.279 4.597 0.02433 0.04303 -0.0009900 0.01021 0.001323 0.03071 0.0005994 -0.001967
0.1577 0.09798 1.907 4.213 0.04530 0.05634 0.0006403 0.01612 0.05194 0.02943 0.003274 0.001498
0.1409 0.04372 1.063 4.509 0.03635 0.09114 0.0001304 -0.009580 0.01305 0.05159 -0.006171 -0.002518
0.5204 0.02435 2.354 4.113 0.01972 0.01333 -0.004110 0.003531 0.09247 0.04552 -0.002637 -0.001680
0.3906 0.1212 2.421 4.361 0.03631 0.03735 -0.004330 0.02649 0.03991 0.02730 -0.003782 0.004732
1.061 0.04519 1.247 4.500 0.03664 0.1028 -0.001445 0.1068 0.02394 0.03896 -0.005184 -0.002593
0.05118 0.02463 2.303 5.045 0.03016 0.03308 -0.003124 -0.01526 0.09377 0.02861 -0.006013 -0.003444
0.6584 -0.09365 3.244 5.918 0.04386 0.06475 -0.003795 0.03227 0.4974 0.02327 -0.007710 -0.001445
-0.02244 0.01601 2.651 0.1354 0.07233 0.06195 -0.003981 -0.02932 0.01741 0.04016 -0.001004 0.003365
0.4319 0.02372 2.290 0.2186 -0.002156 0.01063 0.002621 -0.01119 0.05332 0.001682 -0.01218 -0.001967
0.3490 -0.009884 2.883 0.09950 0.005912 0.01259 -0.002141 0.003404 0.06600 0.01849 0.001980 -0.005617
0.03838 0.1428 1.629 0.1994 0.2630 0.06142 0.0006031 0.01528 0.3680 0.06059 0.006404 -0.006487
0.3420 0.1030 2.949 0.1280 0.02667 0.1003 -0.006344 0.005175 0.2441 0.01296 -0.007729 -0.003472
1.838 0.2689 2.778 0.08811 0.1631 0.08864 0.007439 -0.01291 0.1146 0.05749 -0.0006620 -0.0004988
0.06713 0.3428 0.8065 0.1552 0.1854 0.04794 -0.006172 0.000 0.8378 0.1025 -0.01857 -0.0007099
0.3696 0.1291 2.671 0.03900 0.02515 0.006674 0.0005841 -0.0006855 0.2594 0.008768 -0.003396 -0.0005756
0.9411 0.1059 1.015 0.1105 0.1223 0.6625 0.01780 -0.01158 0.1788 0.01738 0.01256 -0.005370
0.4444 1.305 1.001 0.07950 0.1353 0.1473 0.001597 0.004500 -0.02025 0.01830 -0.01371 -0.002086
0.8499 0.2517 0.9369 0.1174 0.05407 0.4595 0.01726 0.009468 -0.008205 0.03606 -0.01224 0.002240
0.4515 0.01261 1.447 0.3532 0.08721 0.2159 0.004388 0.01660 0.1339 0.05705 0.01354 -0.002161
2.530 0.8241 0.8886 0.07330 0.2320 0.7710 0.009410 -0.007942 0.02686 0.03474 -0.006252 0.004058
0.03590 0.07273 0.4806 0.1681 0.001092 0.005440 -0.002078 0.01070 0.02274 0.0008188 0.005583 -0.003568
0.02119 -0.003904 1.501 0.09195 0.003628 0.5407 -0.007393 0.0007121 0.008893 -0.0008099 -0.01212 -0.003214
-0.01722 0.01253 1.913 0.02759 0.02276 0.08868 0.002891 -0.01627 0.05022 0.003430 -0.001943 0.0005319
0.1094 -0.004118 3.492 0.05452 0.05274 0.8978 0.004253 -0.02172 0.1150 0.007610 -0.0005468 0.001834
0.1930 0.06524 2.884 0.07300 0.01799 0.08620 0.01175 0.002939 0.07401 0.001145 0.004219 0.0006520
-0.01014 -0.01897 2.715 0.02652 0.06416 0.8800 -0.0005762 0.0002127 0.08017 0.01294 0.01270 -0.001043





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK13-C3-S4 Vein quartz 1381.0
BK13-C4-S1 Vein quartz 1381.0
BK13-C4-S2 Vein quartz 1381.0
BK13-C4-S3 Vein quartz 1381.0
BK13-C4-S4 Vein quartz 1381.0
BK15-C1-S1 Vein quartz 981.5
BK15-C2-S1 Vein quartz 981.5
BK15-C2-S2 Vein quartz 981.5
BK15-C2-S2 Vein quartz 981.5
BK15-C2-S3 Vein quartz 981.5
BK15-C2-S3 Vein quartz 981.5
BK15-C2-S4 Vein quartz 981.5
BK15-C2-S4 Vein quartz 981.5
BK17-C1-S1 Vein quartz 770.8
BK17-C1-S2 Vein quartz 770.8
BK17-C1-S3 Vein quartz 770.8
BK17-C3-S1 Vein quartz 770.8
BK17-C3-S2 Vein quartz 770.8
BK17-C3-S3 Vein quartz 770.8
BK17-C3-S4 Vein quartz 770.8
BK18-C2-S2 Vein quartz 608.8
BK18-C2-S4 Vein quartz 608.8
BK18-C5-S1 Vein quartz 608.8
BK18-C5-S2 Vein quartz 608.8
BK18-C5-S3 Vein quartz 608.8
BK18-C5-S4 Vein quartz 608.8
BK20-C3-S1 Vein quartz 640.5
BK20-C3-S2 Vein quartz 640.5
BK20-C3-S3 Vein quartz 640.5
BK20-C3-S4 Vein quartz 640.5
BK20-C4-S2 Vein quartz 640.5
BK28-C1-S1 Vein quartz 778.0
BK28-C1-S2 Vein quartz 778.0
BK28-C2-S3 Vein quartz 778.0
BK28-C2-S4 Vein quartz 778.0
BK28-C3-S3 Vein quartz 778.0
BK28-C3-S4 Vein quartz 778.0
BK44-C1-S1 Vein quartz 1600.4
BK44-C1-S4 Vein quartz 1600.4
BK44-C3-S1 Vein quartz 1600.4
BK44-C3-S2 Vein quartz 1600.4
BK44-C3-S3 Vein quartz 1600.4
BK44-C3-S4 Vein quartz 1600.4
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.3159 0.5688 2.880 0.3385 0.1935 1.383 0.07386 -0.01735 0.06926 0.01686 0.01540 -0.002770
0.04354 -0.06459 1.151 0.07991 0.06658 0.6156 0.0006454 0.008629 0.01894 0.002909 0.001110 0.004293
0.07041 -0.04526 3.398 0.3272 0.06715 1.100 0.0001899 -0.002030 0.05677 0.005461 0.004145 -0.002067
0.02952 0.1201 2.713 0.1141 0.1231 1.072 0.01708 0.03162 0.07654 0.002199 0.002830 0.002052
0.1680 0.1041 1.923 0.1099 0.2643 1.496 0.007203 0.02140 0.08664 0.02650 -0.002589 -0.001046
0.05487 0.1176 1.303 0.3396 0.08174 0.4422 0.0005148 -0.004499 0.05681 0.03856 0.005388 0.003169
0.06991 0.07013 2.453 0.9072 -0.00007072 0.002560 -0.003597 0.04745 0.2392 0.002202 -0.01499 0.004093
0.09560 0.3698 3.414 3.743 0.001557 0.01839 0.001851 0.02805 0.3412 0.005492 0.002249 -0.003165
0.01744 0.05582 2.750 0.07669 0.08331 0.4735 0.0006537 -0.03312 0.1857 0.06855 0.008891 -0.002027
0.3054 0.4339 3.084 2.852 0.01471 0.06411 -0.0003294 0.05985 0.5327 0.008372 -0.0004798 -0.0001174
0.03408 -0.1208 5.752 0.1810 0.02398 0.07423 0.0002729 0.007586 0.7116 0.02813 0.003394 0.0007885
0.3668 0.1161 2.893 4.860 0.03257 0.1355 0.01457 0.02958 0.9442 0.04960 -0.006168 -0.006032
-0.1085 0.04142 3.949 0.1912 0.008933 0.1260 0.004268 -0.01237 0.5577 0.04408 0.005591 -0.002990
0.2565 1.521 1.065 0.2751 0.05385 0.1814 -0.003136 0.2544 1.074 0.03404 -0.007212 0.0007845
1.033 1.796 1.069 0.3509 0.07374 1.044 0.0005982 0.3156 1.369 0.03644 -0.009349 -0.001031
0.4145 0.1532 1.186 0.02045 0.03058 0.2456 0.004302 -0.009951 0.6758 0.02692 0.006426 0.001505
0.07730 -0.07208 0.2944 0.07352 0.01531 0.08261 0.002974 -0.02163 0.02640 0.01060 0.01016 -0.0005912
0.1652 0.2214 1.905 0.2011 0.04849 0.2421 0.005101 0.01221 0.6891 0.007214 0.009531 0.0003571
0.3521 0.09420 0.9109 0.1010 0.008667 0.01106 0.002342 0.006321 0.1784 0.005830 -0.0005248 0.001666
0.1110 0.1440 0.8873 -0.02193 0.01210 0.2013 0.03125 0.03714 0.3127 0.003553 0.007218 -0.001382
2.132 0.004654 2.978 6.203 0.6111 2.672 -0.003108 0.1384 0.09986 0.03728 0.005750 0.0003687
0.8597 0.1206 1.631 1.054 0.4245 1.803 -0.009214 0.02960 0.04496 0.05171 -0.005308 0.002961
0.4144 0.1361 1.829 0.6912 0.3233 3.368 0.002195 0.01934 0.02153 0.06825 -0.009675 0.0009155
0.1872 -0.007832 1.790 0.04440 0.2634 0.8523 -0.001569 0.005845 0.01218 0.03762 -0.01133 -0.002765
0.6547 0.2058 2.340 0.6793 0.2800 2.102 -0.01158 0.001547 0.04475 0.02537 0.01472 -0.001140
0.1120 0.08055 1.080 0.3336 0.06344 0.9437 -0.003356 0.003315 -0.0009629 0.02151 -0.007884 0.006787
0.02444 0.008369 0.4876 2.714 0.02964 0.2691 -0.004316 -0.0004082 0.02604 0.02816 0.01029 -0.001453
0.04568 0.05035 0.5866 1.815 0.03243 0.4607 0.003930 -0.01564 0.02984 0.03504 0.01028 0.001346
0.05099 0.005089 0.2559 2.182 0.2975 0.2071 -0.0008192 0.008382 0.05125 0.03555 0.002396 -0.01034
0.009197 0.1029 0.7169 2.081 0.04229 0.2973 0.005305 0.007360 0.008139 0.03455 0.001699 0.001394
0.02860 0.1006 1.536 1.916 0.03649 0.2829 0.004371 0.01123 0.03465 0.02082 -0.001022 -0.0002474
2.300 0.4372 1.914 0.9776 0.06095 0.03822 -0.001433 0.05157 0.1281 0.03661 0.01409 0.005140
0.2421 -0.03954 2.570 0.004836 -0.003590 0.02508 -0.005807 0.002725 -0.003627 0.01302 0.004337 -0.006240
-0.03130 0.01033 2.332 0.02153 0.09226 0.1204 0.0006340 0.003595 0.06441 0.02827 -0.01437 -0.001974
-0.04498 0.03076 3.413 0.006795 0.1146 0.02398 -0.01114 -0.03445 0.1148 0.01424 0.007111 -0.006033
2.590 0.5039 2.496 0.7292 0.01385 0.03628 -0.004232 0.01696 0.04551 0.009408 0.01779 -0.001391
1.191 0.7320 2.175 0.2697 0.04972 0.2020 -0.006452 -0.005994 0.03574 0.05797 0.003298 0.0005381
0.2596 0.02714 1.231 0.1217 0.002876 0.01526 0.003395 0.02514 0.008436 0.001367 0.006495 0.002410
1.097 -0.04370 1.350 -0.08070 0.06051 0.05483 0.01260 -0.01000 0.01777 0.002637 0.002759 -0.006651
0.9343 0.1389 1.426 0.2389 0.02848 0.01071 -0.007037 -0.01149 -0.03612 0.02081 0.002660 0.007304
1.493 -0.01258 1.466 -0.02955 0.06197 0.05123 0.004022 0.02421 0.02674 0.06702 -0.005608 0.00007149
1.894 -0.03236 1.412 0.1177 0.1924 0.1120 -0.004418 -0.01094 0.06102 0.07060 -0.01206 0.001491





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK46-C1-S1 Vein quartz 1774.0
BK46-C1-S2 Vein quartz 1774.0
BK46-C1-S3 Vein quartz 1774.0
BK46-C1-S4 Vein quartz 1774.0
BK46-C2-S1 Vein quartz 1774.0
BK46-C2-S2 Vein quartz 1774.0
BK46-C2-S3 Vein quartz 1774.0
BK46-C2-S4 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C4-S1 Vein quartz 1774.0
BK46-C4-S1 Vein quartz 1774.0
BK50-C1-S1 Vein quartz 3090.9
BK50-C1-S2 Vein quartz 3090.9
BK50-C1-S3 Vein quartz 3090.9
BK50-C1-S4 Vein quartz 3090.9
BK50-C3-S1 Vein quartz 3090.9
BK50-C3-S2 Vein quartz 3090.9
BK50-C3-S3 Vein quartz 3090.9
BK50-C3-S4 Vein quartz 3090.9
BK59-C1-S1 Vein quartz 2339.0
BK59-C1-S2 Vein quartz 2339.0
BK59-C1-S3 Vein quartz 2339.0
BK59-C1-S4 Vein quartz 2339.0
BK59-C2-S1 Vein quartz 2339.0
BK59-C2-S2 Vein quartz 2339.0
BK59-C2-S4 Vein quartz 2339.0
BK61-C1-S1 Vein quartz 2030.1
BK61-C1-S1 Vein quartz 2030.1
BK61-C1-S2 Vein quartz 2030.1
BK61-C1-S3 Vein quartz 2030.1
BK61-C2-S1 Vein quartz 2030.1
BK61-C2-S2 Vein quartz 2030.1
BK61-C2-S3 Vein quartz 2030.1
BK61-C2-S4 Vein quartz 2030.1
BK63-C1-S1 Vein quartz 1817.2
BK63-C1-S1 Vein quartz 1818.6
BK63-C1-S2 Vein quartz 1817.2
BK63-C1-S2 Vein quartz 1818.6
BK63-C1-S3 Vein quartz 1817.2
BK63-C1-S3 Vein quartz 1818.6
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.1202 0.01639 1.821 -0.03046 0.03154 0.6419 0.001304 -0.02174 0.01874 0.01312 0.0006212 0.0004008
-0.05380 0.006357 1.032 0.02587 0.03802 1.846 -0.004612 -0.01087 0.02393 0.01734 0.003521 -0.003740
-0.06206 0.01446 1.860 0.08691 0.05165 0.8945 0.005119 -0.006994 -0.002401 0.03419 0.001801 -0.003117
-0.01014 0.01544 0.6902 0.06324 0.02367 0.6300 -0.001106 0.004252 0.01082 0.006626 0.003994 0.001397
0.07449 0.01970 1.602 -0.04101 0.02419 0.2975 0.0002241 0.007455 0.05561 0.01056 0.001694 -0.005997
-0.008008 0.002347 0.5449 0.003402 0.009615 0.1756 -0.001686 -0.007266 -0.005164 0.001638 0.0005304 0.003605
-0.05834 0.02020 1.911 -0.02356 0.1130 2.074 0.004881 -0.007236 0.02357 0.04764 0.004656 -0.003245
0.02577 0.01207 0.9112 0.02657 0.06658 2.422 0.0008912 -0.02098 -0.001886 0.02650 0.007147 -0.004780
0.1251 -0.1273 1.359 -0.003358 0.006515 0.2120 -0.01198 -0.0008000 0.02584 0.006582 -0.02064 -0.003347
0.008235 0.02670 1.536 0.1064 0.03440 0.2780 -0.001960 0.02117 0.02395 0.006463 -0.004101 0.005873
0.1625 -0.005013 2.643 -0.01034 0.05473 0.9625 -0.002084 -0.01567 -0.02979 0.008266 -0.01319 -0.001964
-0.06349 -0.007751 1.803 0.008616 0.02990 0.1918 -0.0002206 0.04465 0.01721 0.004931 -0.005708 0.0007421
0.1692 0.09606 2.910 0.1265 0.2686 1.949 0.02110 0.04083 0.04774 0.1517 0.007611 0.007029
0.2623 0.08099 3.062 0.1243 0.1328 1.704 0.04450 0.007672 -0.01221 0.01845 -0.001006 -0.003443
0.1333 0.1977 1.143 0.1455 0.02852 0.05452 0.01057 -0.03511 0.008084 0.01223 -0.006078 -0.004857
0.7391 0.8193 1.069 0.1580 0.09857 0.09428 0.06563 0.03118 0.009892 0.03153 0.002848 -0.0005364
0.2560 0.1301 1.189 0.1174 0.01910 0.1733 0.03736 0.0004590 0.008668 0.003343 -0.005683 0.0008175
23.99 6.029 1.180 11.39 0.4532 1.697 0.2935 0.07174 0.2584 0.08511 0.09141 0.008187
5.462 1.321 1.476 2.839 0.1518 0.4026 0.06292 0.07875 0.05669 0.04434 0.02242 0.001600
0.3518 0.2155 0.7263 0.2826 0.1403 0.07512 0.008724 0.007209 -0.01074 0.005732 -0.002494 -0.002451
0.3173 0.03128 1.463 0.08663 0.03379 0.02827 0.003272 0.02813 0.03638 0.003741 0.01461 -0.003219
0.1278 0.2609 1.182 0.09531 0.07368 0.01218 -0.002851 0.01512 -0.03200 0.004061 -0.004718 0.009691
0.4235 0.01206 2.751 0.7344 0.06348 0.01790 0.001231 -0.006473 0.03281 0.01495 -0.005926 -0.002172
0.4911 0.07362 2.717 1.944 0.02912 0.003586 -0.0002201 0.005926 0.05439 0.005605 -0.01523 -0.001573
0.1776 0.2818 0.7582 0.6331 0.3306 0.1838 0.05847 -0.002302 0.01412 0.02628 0.03481 0.006481
0.1472 0.06516 3.227 0.2656 0.1068 0.05389 0.01734 0.01630 0.01498 0.02522 0.005361 0.006427
0.1851 0.05297 2.459 0.4531 -0.003304 0.01425 0.005204 0.01361 -0.005212 0.003597 -0.004385 0.00003938
0.5815 -0.02932 2.227 1.609 0.03886 0.02328 0.01400 0.01214 0.05328 0.03431 0.001928 -0.0005499
0.5757 0.2452 3.124 0.6926 0.09011 0.05018 -0.006033 -0.001065 0.03480 0.02259 0.0007178 -0.0002215
0.3531 0.05744 1.723 0.2267 0.07252 0.03593 -0.003110 0.03452 0.01217 0.03344 0.01201 0.0001207
0.1353 0.2070 2.189 0.08075 0.1135 0.1204 0.003398 0.03470 0.01930 0.1060 0.01038 0.003720
0.1200 0.08812 2.582 0.1252 0.5833 0.1367 -0.0002061 0.02539 0.04556 0.2374 -0.001977 0.0004651
0.6036 1.041 2.219 0.03234 0.3552 0.1976 -0.003975 0.02115 0.02763 0.1895 0.01134 -0.002988
0.3937 0.2809 2.032 0.1302 0.2937 0.2413 0.001161 0.01573 -0.01275 0.1774 -0.008470 0.003112
0.6927 0.4849 2.054 0.1053 0.1509 0.1617 -0.003344 -0.003091 0.01205 0.1070 -0.01237 -0.004791
0.3145 -0.08793 1.915 0.1024 0.2435 0.2296 0.003753 0.01840 0.01054 0.1216 -0.0005657 0.002705
0.4531 0.07132 2.089 0.04033 0.2468 0.1710 0.006556 -0.00009884 0.02135 0.1016 -0.001161 -0.001338
0.3945 0.2237 1.127 3.739 0.06943 0.06483 -0.001994 -0.0003125 0.01167 0.06798 -0.003468 0.001187
1.489 0.1017 1.179 3.593 0.1223 0.1016 0.08850 0.01197 0.02799 0.1169 -0.01795 0.01558
1.376 0.008888 1.277 3.146 0.06697 0.09228 0.005994 0.008459 -0.0005211 0.05128 -0.004986 0.001149
0.8753 -0.09027 1.238 2.600 0.1114 0.2756 -0.0003010 -0.006246 -0.01878 0.07159 -0.008586 -0.001361
0.04212 -0.004177 1.251 3.006 0.01301 0.01027 -0.004633 0.009239 0.002764 0.004235 0.01298 -0.002243





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK63-C1-S4 Vein quartz 1817.2
BK63-C1-S4 Vein quartz 1818.6
BK63-C2-S1 Vein quartz 1817.2
BK63-C2-S1 Vein quartz 1818.6
BK63-C2-S2 Vein quartz 1818.6
BK63-C2-S3 Vein quartz 1817.2
BK63-C2-S3 Vein quartz 1818.6
BK63-C2-S4 Vein quartz 1818.6
BK63-C3-S1 Vein quartz 1817.2
BK63-C3-S1 Vein quartz 1818.6
BK63-C3-S2 Vein quartz 1817.2
BK63-C3-S2 Vein quartz 1818.6
BK63-C3-S3 Vein quartz 1817.2
BK63-C3-S3 Vein quartz 1818.6
BK63-C3-S4 Vein quartz 1817.2
BK63-C3-S4 Vein quartz 1818.6
BK63-C4-S1 Vein quartz 1818.6
BK63-C4-S2 Vein quartz 1818.6
BK63-C5-S1 Vein quartz 1818.6
BK63-C5-S2 Vein quartz 1818.6
BK63-C5-S3 Vein quartz 1818.6
BK025-C1-S1 Breccia Cement 0.0
BK025-C1-S4 Breccia Cement 0.0
BK025-C2-S1 Breccia Cement 0.0
BK025-C2-S3 Breccia Cement 0.0
BK025-C2-S4 Breccia Cement 0.0
BK025-C3-S1 Breccia Cement 0.0
BK025-C3-S2 Breccia Cement 0.0
BK025-C3-S3 Breccia Cement 0.0
BK025-C3-S4 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK104-C1-S1 Breccia Cement 361.5
BK104-C1-S2 Breccia Cement 361.5
BK104-C1-S3 Breccia Cement 361.5
BK104-C1-S4 Breccia Cement 361.5
BK104-C1-S5 Breccia Cement 361.5
BK104-C2-S1 Breccia Cement 361.5
BK104-C2-S2 Breccia Cement 361.5
BK104-C2-S3 Breccia Cement 361.5
BK104-C2-S4 Breccia Cement 361.5
BK104-C2-S5 Breccia Cement 361.5
Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.8351 0.2937 1.115 3.101 0.08944 0.03030 0.003002 -0.003224 0.01646 0.09876 -0.01781 0.004921
42.01 0.09664 1.547 2.241 0.7303 0.3592 0.03497 0.09834 0.1253 0.2303 -0.01550 0.0009979
0.2289 0.01574 1.182 2.903 0.03299 0.01343 0.0005482 0.01853 0.006222 0.04709 -0.006592 -0.005081
7.131 0.5843 1.291 2.689 0.03070 0.02163 0.003243 0.02068 0.01378 0.03414 -0.004692 -0.004720
54.59 0.2758 1.159 2.185 0.3607 0.2024 0.5795 0.1668 0.07304 0.07497 0.007229 0.02564
0.3995 0.1340 0.9877 2.029 0.08352 0.07350 -0.004123 0.03977 0.01626 0.08539 0.001159 -0.0001475
2.922 0.1116 1.243 2.374 0.1527 0.08295 0.001044 0.03079 0.01561 0.07746 -0.002971 0.002522
22.17 0.5359 1.228 2.904 0.9281 0.4778 0.2309 0.2012 0.3707 0.09776 0.3875 0.01094
0.01645 0.003026 2.083 2.495 0.01430 0.04686 0.006154 -0.007434 0.004068 0.01222 -0.002931 -0.0007789
0.01645 0.003026 2.083 2.495 0.01430 0.04686 0.006154 -0.007434 0.004068 0.01222 -0.002931 -0.0007789
0.5213 0.05800 2.760 2.469 0.07505 0.06344 -0.001049 0.02492 0.01417 0.1181 -0.0002708 0.002575
378.4 5.327 2.521 29.25 0.07723 2.047 0.1546 1.325 3.811 0.08784 0.8807 0.004964
1.871 0.06666 2.626 2.204 0.006910 0.004348 0.008843 0.01145 0.03522 -0.0003003 0.02032 0.006209
9.110 0.1927 2.548 3.090 0.008817 0.04643 0.01041 0.03922 0.09176 0.0007544 0.02473 0.005786
0.7451 0.05968 2.251 1.676 0.02886 0.01443 0.004829 0.03798 0.02705 0.02173 0.02742 0.001293
0.8006 0.06734 2.475 1.364 0.03863 0.01494 0.01370 0.04524 0.0009205 0.02902 0.03463 0.0008448
30.80 0.4531 0.4622 2.113 0.1886 0.4221 0.01711 0.01271 0.1851 0.08946 0.07457 -0.003786
40.02 4.145 0.7857 3.081 0.1708 0.1021 -0.0002124 0.3664 0.08320 0.1065 0.01887 -0.002045
5.989 0.5759 0.4863 2.135 0.2373 0.2374 0.01239 0.1129 0.08622 0.1507 0.003036 0.001467
0.4724 0.08961 0.4457 2.049 0.1356 0.2005 0.003639 0.02064 0.00003394 0.04324 0.002291 0.004396
0.07876 0.4708 0.4599 2.191 0.2123 0.1982 0.002833 0.2205 0.01867 0.08445 -0.001376 -0.001829
0.04434 -0.07881 0.6703 18.29 0.0006242 0.006300 0.0005113 0.008997 1.084 0.007678 0.0004772 -0.004843
-0.0001444 0.02056 1.319 12.80 0.2657 0.7761 0.006170 -0.01006 9.931 0.1909 0.001392 0.0007054
-0.009778 0.02717 0.4742 15.52 0.007794 0.003452 0.007954 0.002386 0.9308 0.007842 -0.004888 0.004617
-0.03961 0.08306 1.409 16.07 0.1781 2.225 -0.002822 -0.007635 30.31 0.3593 -0.005203 0.006455
-0.02379 0.02575 2.295 17.03 0.05938 0.2347 -0.0001072 -0.007110 10.58 0.07833 0.005523 0.008681
-0.02128 -0.03777 1.415 16.37 0.02692 0.00008210 -0.001585 -0.001656 1.778 0.006315 0.0005707 0.001414
-0.05754 0.04348 0.6416 15.97 0.005620 -0.003629 0.004910 -0.002934 1.094 0.004637 -0.02015 0.01137
-0.006792 0.02291 0.7366 15.79 0.03710 0.0006273 0.001189 0.003087 1.275 0.005870 0.001581 -0.004492
0.03590 -0.09341 0.7432 15.75 0.01360 0.002143 -0.01174 0.002240 2.175 0.01520 0.004266 -0.002411
0.01889 -0.07945 0.9442 15.14 0.1952 0.1731 -0.002505 -0.006501 7.745 0.08346 0.006263 -0.001591
-0.005683 0.01510 5.545 14.32 0.02591 0.01954 -0.003063 -0.001559 12.03 0.007267 0.009063 0.002259
0.001446 -0.007092 1.506 14.79 0.04758 0.5288 -0.0008245 -0.002139 27.90 0.008250 0.006981 0.005030
3.921 9.108 1.290 35.13 2.450 0.8552 0.4208 0.1790 1.491 0.1986 0.002308 0.0004158
1.784 5.399 1.280 42.39 2.313 1.393 0.1429 0.1056 0.8968 0.2906 0.04978 0.003337
-0.02336 3.382 1.923 31.86 0.08175 0.5386 -0.01056 0.01372 4.757 0.09217 -0.005505 -0.002644
8.328 8.307 0.9427 37.15 2.063 0.9633 0.2150 0.1425 12.10 0.2060 0.04027 -0.001172
0.7228 12.30 1.951 48.54 0.4423 0.6981 0.01365 0.1128 13.77 0.2157 0.005905 -0.002619
0.3975 27.03 1.355 45.45 3.563 1.008 0.2462 0.003618 9.607 0.3180 0.03122 0.03116
0.7959 16.23 1.350 37.78 2.849 1.164 2.753 0.01666 3.461 0.3098 0.02862 0.04039
0.8474 6.248 0.8861 40.95 0.5543 0.5679 0.01504 0.008161 0.7615 0.1135 -0.004708 0.002488
0.4057 0.9290 0.9492 32.05 1.807 0.2529 0.3088 -0.008548 0.6896 0.1798 0.008543 0.03136





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK104-C3-S1 Breccia Cement 361.5
BK104-C3-S2 Breccia Cement 361.5









































Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
1.434 1.594 1.800 28.43 0.7022 1.962 0.02228 0.05502 0.9595 0.5595 -0.008980 0.0007615
2.484 3.561 1.576 25.76 1.818 1.101 0.2830 0.1013 0.7070 0.2892 0.01372 0.009318
0.09874 0.5994 0.9431 69.14 0.2565 0.2157 0.007055 -0.009289 2.621 0.05573 0.01611 0.007744
0.06415 0.2188 0.8291 0.1414 0.07365 0.3292 0.6076 0.01195 0.02351 -0.0007402 -0.002795 0.02106
0.6098 1.347 0.8446 0.02203 0.09615 0.1547 0.009091 0.07368 -0.01395 0.02770 -0.006210 -0.001051
0.003089 0.1924 1.170 0.08660 0.02442 0.07086 0.04083 0.01909 0.02278 0.009583 0.004166 0.004180
0.2081 -0.1214 1.252 0.09241 -0.003185 0.01667 -0.001290 -0.009447 0.004773 0.001481 0.003390 0.004767
-0.02706 0.03585 1.630 -0.002244 0.2028 0.08462 0.001517 0.002090 0.01278 0.007759 -0.001492 -0.002219
0.4984 -0.07512 0.8351 4.165 0.08049 0.1262 -0.001623 0.02216 0.004383 0.08351 -0.007426 -0.001227
0.1327 0.04015 0.8485 3.255 0.01220 0.01262 -0.002023 -0.02194 -0.01012 0.001111 0.006948 0.003389
0.4165 0.1204 0.9741 2.822 0.02867 0.01590 0.005942 0.001829 -0.005779 0.01474 0.007457 0.003604
0.5401 0.05782 2.192 3.745 0.1527 0.2862 0.002614 -0.007100 0.1313 0.1404 -0.005361 0.003733
0.3781 0.01002 2.470 4.442 0.01359 0.02402 -0.002048 -0.01906 -0.001842 0.02682 0.01092 0.005852
0.07466 0.06688 2.543 4.881 0.007583 0.01367 0.002253 0.005931 0.008508 0.006036 -0.006027 -0.002509
0.03874 0.08473 2.370 4.155 0.007509 0.03326 0.0001581 0.1483 0.06784 0.01118 0.002744 -0.001911
0.2351 0.1783 1.951 5.089 0.04224 0.02240 -0.002354 0.006078 0.01067 0.01370 -0.002410 0.002198
0.8788 0.04534 1.181 0.04685 0.02517 0.1178 0.0001751 -0.01973 -0.001036 0.03448 0.002718 0.003793
4.974 0.01343 1.022 0.06631 0.02627 0.01092 -0.006314 0.01309 -0.003861 0.009204 0.000 -0.001543
1.169 0.02111 1.195 0.2229 0.06738 0.01902 0.005470 -0.004226 0.05518 0.02145 0.0004380 0.001655
0.4929 0.03208 1.029 0.09836 0.01107 0.007650 0.001237 0.02606 0.03570 0.01104 -0.002841 -0.001869
-0.05655 -0.07833 0.8693 -0.02321 0.01236 0.1273 -0.0004709 -0.01165 0.4385 0.008305 -0.003384 -0.001592
1.292 0.1090 1.085 0.06349 0.04088 0.1440 0.009873 -0.01199 0.2141 0.04534 -0.0009289 0.005010
1.035 0.2140 1.243 0.08188 0.02695 0.1022 0.03902 -0.01006 0.5342 0.01906 0.003199 0.004134
0.06180 0.2206 0.8377 0.1780 0.2982 0.2556 0.005830 -0.005309 0.01327 0.04513 -0.001060 -0.001078
-0.07945 0.1624 1.027 -0.02247 0.2550 0.3470 -0.002319 -0.004585 -0.00002704 0.04006 0.0001738 0.003806
0.02989 0.1106 0.9956 0.06620 0.2706 0.3774 0.001959 0.02743 0.1372 0.02431 0.01020 0.001911
-0.04462 0.1372 0.9104 0.1374 0.2040 0.2009 0.009421 0.005816 0.07584 0.01760 -0.005355 0.001916
-0.1051 0.1739 0.8565 0.1565 0.1858 0.04038 0.004522 0.02771 0.04601 0.001732 -0.001849 0.000
-0.01031 0.2638 0.8082 0.01249 0.05374 0.6853 -0.004443 -0.03258 -0.01934 0.02208 0.0009547 -0.002745
0.2469 0.2010 0.9102 0.04977 0.08149 1.331 0.006110 0.007307 -0.01036 0.01800 -0.01182 0.002842
0.8083 0.3885 1.007 0.08791 0.5411 1.367 0.4564 0.02501 -0.02157 0.09520 -0.004204 0.02216
0.1516 0.1080 0.7739 0.02117 0.009547 0.04051 0.008859 -0.006182 0.009586 0.006550 0.001777 -0.0003301
0.04638 0.04351 0.8093 0.1364 0.04591 0.07634 0.04353 0.01913 0.01112 0.08952 -0.004856 0.001677
-0.08034 -0.06575 1.008 0.03012 0.03010 0.1061 0.003095 0.01969 0.01918 0.02985 0.002023 0.001260
0.03201 0.2835 1.157 -0.07345 0.07230 1.084 -0.0002986 0.01201 0.03134 0.03480 0.001375 -0.002121
-0.005268 0.06156 1.054 0.1063 0.09947 0.4636 -0.001139 -0.004978 0.007691 0.1015 -0.0005984 0.002937
-0.03182 0.6552 1.112 -0.01869 0.06850 0.9753 0.004302 -0.009603 -0.02266 0.005296 0.001902 -0.008882
-0.02280 -0.08860 3.174 0.1208 0.07483 1.615 -0.001971 0.008169 0.1257 0.01236 -0.005160 0.002236
-0.02106 0.003995 3.818 0.1315 0.2252 2.442 0.01072 -0.001272 0.2178 0.01731 -0.005582 -0.003948
-0.1308 -0.04380 3.539 0.02012 0.1993 2.259 -0.002694 -0.02128 0.1462 0.01444 -0.002308 -0.006693
0.03381 0.4520 0.8438 0.2045 0.2504 0.1741 0.001261 0.008090 0.01308 0.03505 -0.0005480 -0.006011
-0.02495 0.2210 0.8706 0.8216 0.3224 0.1139 0.005360 0.008911 -0.001554 0.04322 0.000 0.001246





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
0.01636 0.2881 0.8913 0.04236 0.03230 0.3366 0.03846 -0.01557 0.01366 0.03280 0.006131 0.003151
0.1001 0.7669 0.8498 0.07150 0.09157 0.4487 0.02568 -0.007818 -0.004151 0.06912 -0.001377 -0.0007742
0.03100 -0.04977 0.4495 0.09557 0.00009199 0.004062 -0.0009333 0.02364 -0.03186 0.0006839 0.00007664 -0.005498
0.02543 -0.1044 0.6575 0.07167 0.008430 0.09224 0.002553 0.00008860 0.07944 0.006260 0.01195 0.001154
0.003681 0.09024 0.7732 0.08585 0.03131 0.1688 -0.001196 0.0009217 -0.01771 0.0006571 -0.006465 0.001261
0.05750 0.5947 0.8122 0.1074 0.05189 0.3252 -0.0009260 0.01106 0.01925 0.007535 -0.002639 0.0003385
0.05046 0.1331 1.229 0.05823 -0.004834 0.004840 -0.001577 0.02045 -0.003376 -0.002373 0.01669 -0.007669
-0.04774 0.1265 1.282 0.01805 0.2773 0.009670 0.006604 -0.01875 0.03402 0.006413 -0.007431 -0.01130
-0.08996 0.4487 3.168 0.6926 0.02114 0.03763 0.002218 -0.007859 0.1459 0.006305 -0.003363 0.001763
0.5757 1.236 3.599 0.3526 0.1967 0.2223 -0.008939 0.01093 0.1059 0.03175 0.001490 -0.001926
1.600 1.163 0.4853 0.4231 0.08313 0.05224 -0.0004057 -0.01614 0.03002 0.02726 -0.007226 -0.003503
-0.03745 0.07053 1.222 0.1254 0.1633 0.06660 -0.0005403 0.02751 -0.01631 -0.001198 0.003844 -0.002654
-0.03413 0.4455 0.9457 0.1802 0.09658 0.02952 0.001027 -0.02885 0.01288 0.01202 0.01211 0.004869
0.03165 0.4092 0.8610 0.1876 0.4205 0.2262 0.001906 0.01506 0.008970 0.1317 0.0004115 0.002593
0.03829 0.6943 1.071 0.1706 0.7302 0.04988 0.02123 -0.009183 -0.006153 0.02504 0.005647 -0.001369
0.04539 0.08382 0.6043 0.01616 0.2313 0.03745 -0.0003324 0.005418 0.04137 0.07014 -0.004020 0.004014
-0.04831 0.1522 0.8220 0.09072 0.1186 0.03640 0.002569 -0.01250 0.02239 0.04811 -0.002856 -0.001679
0.4125 0.1048 0.7401 0.1384 0.3813 0.2152 0.01616 0.01718 2.579 0.1563 0.003147 -0.002857
0.02334 0.06373 0.6032 0.01738 0.08412 0.03680 0.09121 -0.007826 0.3218 0.02942 -0.005150 0.01043
0.2853 0.2523 0.9092 0.08283 0.02323 0.4232 0.007464 0.02822 -0.05281 0.001052 0.002041 -0.003783
0.1393 0.3479 1.045 -0.04552 0.03769 0.1095 -0.006884 0.005340 -0.02080 0.009933 0.005756 0.004505
1.427 0.6354 0.7883 0.2120 0.05502 0.09942 -0.001564 0.001137 0.02560 0.01003 0.02713 0.001006
0.08513 -0.05082 0.8898 0.08495 0.03658 0.01269 0.007258 0.01276 -0.01314 0.0004584 0.007054 -0.001014
0.2836 -0.04099 0.8975 0.1089 0.1201 0.4295 0.02200 -0.007745 0.008354 0.03456 -0.004199 -0.003317
1.094 0.1870 0.4518 0.1315 0.1635 0.7935 0.009969 0.06781 0.04007 0.05382 -0.008410 -0.001046
0.3070 0.2305 0.4477 0.1938 0.1707 0.4914 0.004809 -0.01313 -0.02316 0.04911 -0.008783 -0.0009915
0.02468 1.216 1.873 0.1075 0.09312 0.09115 -0.0003445 -0.01021 -0.002643 0.05248 0.01198 0.0003046
0.1338 0.3688 1.744 0.06309 0.04622 0.03225 0.008463 0.006316 0.008657 0.01804 0.003293 0.005620
0.005617 0.2350 1.772 0.1245 0.04561 0.04555 0.0006274 -0.01663 -0.001190 0.01874 -0.01253 -0.007001
0.02511 0.1020 1.264 0.1933 0.4306 0.7523 0.03744 0.01764 0.03633 0.09018 -0.005084 0.001007
0.1541 0.2152 1.203 0.2954 0.2470 0.1091 0.02735 0.007688 0.009200 0.01605 -0.009812 -0.0007954
1.106 0.1134 1.292 0.6813 0.1694 0.1554 0.01252 0.01583 0.08202 0.01148 0.004049 0.006345
-0.03887 -0.05330 0.4377 0.07383 0.01155 0.01706 0.009310 -0.01274 -0.02736 0.0004240 0.01649 -0.004772
0.01228 0.08736 0.6017 0.1350 0.003263 0.04179 -0.006599 -0.01593 0.0002616 -0.0006934 -0.006778 0.002577
-0.02065 0.07577 0.4848 0.04193 0.006133 0.1103 -0.007491 -0.004112 0.01794 0.002157 -0.007521 -0.0004865
0.03145 0.01949 0.5300 5.013 0.02589 0.07437 0.005204 -0.001353 0.01783 0.0002752 0.004782 0.0002949
0.08408 0.8155 0.5044 3.031 0.06741 0.03594 0.008570 0.002113 0.005491 0.005986 -0.0002893 0.004004
-0.04687 -0.09768 0.4274 2.137 0.04197 0.02663 0.001442 -0.001024 0.004604 0.003091 -0.01176 -0.001733
-0.02721 -0.009509 0.8407 3.774 0.05177 0.04511 -0.001494 0.004703 0.01609 0.01177 0.0001994 0.008808
0.1647 0.07858 0.8684 2.384 0.1550 0.04742 0.01573 -0.01190 0.04703 0.03015 0.007290 0.001789
0.04583 0.1397 0.7508 2.083 0.2144 0.1077 0.006343 0.002689 0.01780 0.08599 0.01518 0.006582
0.09195 0.1556 1.008 1.908 0.2845 0.2506 0.01332 0.001789 0.05189 0.09959 -0.0006262 -0.002733





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit














Cu65 Zn66 Ge74 As75 Rb85 Sr88 Zr90 Ag107 Sb121 Cs133 Gd157 Hf178
2.279 0.9152 1.683 3.135 9.988 2.217 8.014 0.1048 2.089 0.2904 3.071 0.2711
0.02845 0.2026 0.8062 2.329 0.1533 0.06891 -0.001090 -0.001093 0.03724 0.01719 -0.004049 0.005365
0.1940 0.07539 0.7318 2.160 0.1177 0.03192 0.02586 0.01297 0.2194 0.01676 0.001548 0.01047
0.1466 0.2283 0.6092 2.046 0.1067 0.06267 0.07409 0.004368 0.09226 0.01966 -0.001992 0.003757
0.02055 0.1810 0.6849 1.706 0.1776 0.07124 0.02010 0.01978 0.1597 0.01681 0.04304 0.004403
0.1451 0.1082 0.4628 2.135 0.1758 0.1930 0.01023 0.004334 0.03475 0.06715 0.01063 -0.005238
2.551 0.05574 0.4843 2.080 0.07287 0.3258 0.009793 0.05741 0.04762 0.08077 0.03082 0.004777
0.4004 0.1025 0.4629 2.294 0.03100 0.07084 0.004640 0.008984 0.1189 0.03291 0.006511 -0.003451
0.3819 0.06796 0.4721 1.848 0.1138 0.1921 -0.0002321 0.01989 -0.001536 0.03711 0.004604 0.001340





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK01-C1-S1 Vein quartz 591.4
BK01-C1-S2 Vein quartz 591.4
BK01-C1-S3 Vein quartz 591.4
BK01-C2-S1 Vein quartz 591.4
BK01-C2-S2 Vein quartz 591.4
BK01-C2-S3 Vein quartz 591.4
BK01-C2-S4 Vein quartz 591.4
BK01-C3-S1 Vein quartz 591.4
BK01-C3-S2 Vein quartz 591.4
BK01-C3-S3 Vein quartz 591.4
BK01-C5-S1 Vein quartz 591.4
BK01-C5-S4 Vein quartz 591.4
BK021-C3-S1 Vein quartz 517.7
BK021-C3-S2 Vein quartz 517.7
BK021-C3-S4 Vein quartz 517.7
BK021-C4-S1 Vein quartz 517.7
BK021-C4-S3 Vein quartz 517.7
BK021-C4-S4 Vein quartz 517.7
BK021-C4-S5 Vein quartz 517.7
BK03-C1-S2 Vein quartz 337.4
BK03-C4-S1 Vein quartz 337.4
BK03-C4-S2 Vein quartz 337.4
BK03-C4-S3 Vein quartz 337.4
BK06-C1-S1 Vein quartz 940.0
BK06-C1-S2 Vein quartz 940.0
BK06-C1-S3 Vein quartz 940.0
BK06-C1-S4 Vein quartz 940.0
BK06-C2-S1 Vein quartz 940.0
BK06-C2-S2 Vein quartz 940.0
BK06-C2-S4 Vein quartz 940.0
BK06-C2-S5 Vein quartz 940.0
BK06-C3-S1 Vein quartz 940.0
BK06-C3-S2 Vein quartz 940.0
BK06-C3-S3 Vein quartz 940.0
BK09-C1-S1 Vein quartz 1043.0
BK09-C1-S2 Vein quartz 1043.0
BK09-C1-S3 Vein quartz 1043.0
BK09-C1-S4 Vein quartz 1043.0
BK09-C2-S1 Vein quartz 1043.0
BK09-C2-S2 Vein quartz 1043.0
BK09-C2-S4 Vein quartz 1043.0
BK09-C3-S2 Vein quartz 1043.0
BK09-C3-S3 Vein quartz 1043.0
Ta181 Au197** Pb208 Bi209 U238
-0.0001554 -0.008313 0.04842 -0.01712 0.004397
0.00006814 -0.006950 0.07252 0.001768 0.0009711
-0.0001771 0.003961 0.005604 -0.0002333 0.001011
-0.0004216 -0.01062 0.003166 -0.004754 0.0001445
-0.0005761 -0.005341 0.004578 -0.004084 -0.001031
-0.002022 -0.006826 0.02464 -0.002496 -0.002191
-0.0002196 -0.0009819 0.01635 -0.001361 -0.0006638
0.001012 -0.007120 0.01210 -0.004814 0.001092
0.002576 0.002837 0.01028 -0.0001970 0.001330
-0.0005391 -0.001032 0.03363 -0.001320 0.004155
0.0003196 0.006427 0.02939 0.0006851 0.02570
-0.001972 0.004253 0.01214 0.001256 -0.0002935
-0.0006649 -0.005518 0.2430 0.001381 0.02560
-0.001197 -0.008949 0.1786 0.005404 0.009979
0.01797 -0.001937 0.3902 0.004651 0.06931
0.001571 0.004367 0.1593 0.002463 -0.0001936
0.0006578 -0.001163 0.2828 0.003092 0.001989
-0.0002556 0.0004032 0.2675 0.006618 0.004460
-0.0003097 0.002180 0.06285 -0.00005214 0.001745
-0.001264 0.005965 0.009588 0.004186 0.01593
0.0004436 -0.009044 0.5527 0.006013 0.01401
-0.002696 0.01239 0.01206 -0.003957 0.007872
0.001367 -0.01335 0.1838 0.01174 0.009217
0.0005261 -0.008049 0.3470 -0.0003143 -0.001137
-0.0003276 0.003447 0.001451 0.006529 0.002420
0.002305 0.008397 0.01041 0.0008934 0.0009057
0.0005143 0.0002265 0.01155 0.00009633 0.002104
-0.001971 -0.01390 0.04677 0.0007735 0.001138
0.0004254 -0.009377 0.05379 0.001239 0.01190
-0.001284 -0.001214 0.01763 -0.0009157 0.002114
0.001107 0.001656 0.04274 0.001007 -0.0007388
-0.0007111 0.005177 0.04298 0.0005277 0.002749
-0.0003667 0.0006271 0.03002 0.0009892 0.006792
0.0002038 -0.001801 0.01948 0.001780 0.002957
0.00006640 0.005964 0.02761 0.001663 0.0007646
0.0005524 -0.0005908 0.09638 -0.0004036 0.0001927
-0.0007962 -0.009062 0.7651 0.02572 0.002624
0.001639 -0.001032 2.096 0.004047 0.001059
-0.0007773 0.005901 0.03064 -0.0002214 0.000
-0.0006158 0.007768 0.4701 0.003473 0.002344
0.000 -0.004683 0.02702 0.0004566 -0.0001905
-0.001145 0.002050 0.09141 0.004977 0.002744





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK09-C3-S4 Vein quartz 1043.0
BK09-C4-S1 Vein quartz 1043.0
BK09-C4-S2 Vein quartz 1043.0
BK09-C4-S3 Vein quartz 1043.0
BK09-C4-S4 Vein quartz 1043.0
BK100-C1-S2 Vein quartz 1443.7
BK100-C1-S3 Vein quartz 1443.7
BK100-C1-S4 Vein quartz 1443.7
BK100-C4-S1 Vein quartz 1443.7
BK100-C4-S2 Vein quartz 1443.7
BK100-C4-S3 Vein quartz 1443.7
BK100-C4-S4 Vein quartz 1443.7
BK101-C2-S1 Vein quartz 1061.5
BK101-C2-S2 Vein quartz 1061.5
BK101-C2-S3 Vein quartz 1061.5
BK101-C3-S1 Vein quartz 1061.5
BK101-C3-S1 Vein quartz 1061.5
BK101-C3-S2 Vein quartz 1061.5
BK101-C3-S3 Vein quartz 1061.5
BK101-C3-S4 Vein quartz 1061.5
BK101-C3-S5 Vein quartz 1061.5
BK101-C5-S1 Vein quartz 1061.5
BK101-C5-S1 Vein quartz 1061.5
BK102-C1-S1 Vein quartz 890.8
BK102-C1-S2 Vein quartz 890.8
BK102-C1-S3 Vein quartz 890.8
BK102-C1-S4 Vein quartz 890.8
BK102-C2-S1 Vein quartz 890.8
BK102-C2-S2 Vein quartz 890.8
BK102-C2-S3 Vein quartz 890.8
BK102-C2-S5 Vein quartz 890.8
BK106-C2-S1 Vein quartz 466.2
BK106-C2-S2 Vein quartz 466.2
BK106-C2-S3 Vein quartz 466.2
BK106-C3-S1 Vein quartz 466.2
BK106-C3-S2 Vein quartz 466.2
BK12-C2-S1 Vein quartz 1475.3
BK12-C2-S3 Vein quartz 1475.3
BK12-C4-S1 Vein quartz 1475.3
BK12-C4-S3 Vein quartz 1475.3
BK12-C6-S2 Vein quartz 1475.3
BK13-C3-S2 Vein quartz 1381.0
BK13-C3-S3 Vein quartz 1381.0
Ta181 Au197** Pb208 Bi209 U238
0.0007756 0.003243 0.1030 -0.001036 0.001211
0.0007663 -0.005757 0.06205 0.0002404 0.01222
-0.001814 0.02142 0.1604 0.01127 0.003982
0.0004219 -0.002014 0.09987 0.002735 0.001886
0.002423 -0.008712 0.07854 0.002076 0.001023
-0.0006154 -0.001313 0.007437 0.002582 -0.001555
-0.0004171 -0.0001453 0.07966 0.001166 0.001644
-0.0005023 0.003507 0.01757 0.0005920 0.002097
0.0003159 -0.001325 0.03618 0.0007162 0.001743
-0.00007571 0.002989 0.02542 0.002650 -0.001353
-0.0009682 -0.001866 0.02554 -0.003794 0.007073
-0.0004619 -0.002381 0.05100 -0.00004772 0.002792
-0.002020 0.007543 0.03995 0.0008409 0.002470
-0.0008663 -0.009166 0.01769 0.006710 -0.001000
-0.001014 0.002089 0.04419 0.00004242 0.0002213
-0.0004967 -0.002471 0.008378 -0.0005228 -0.001039
-0.0003049 0.006502 0.02103 0.004024 -0.0001808
0.0008538 0.0007788 0.07869 0.002839 -0.002267
0.0004670 -0.0006535 0.03801 0.002592 -0.0001250
-0.0009205 0.000 0.01864 -0.0003784 0.003609
-0.0008758 0.009712 0.01850 0.002865 0.01267
-0.0006054 0.0007556 0.0004550 -0.001201 0.001180
-0.001067 -0.006236 0.03844 0.01045 0.001275
-0.0004196 0.006483 -0.001645 -0.009074 0.002598
-0.0009309 -0.01110 0.03065 -0.003444 0.000
-0.001563 -0.0003983 0.006409 0.001403 -0.002432
-0.001112 0.005248 0.1153 0.001041 -0.001219
0.0005146 0.001484 0.02900 -0.005052 0.0002820
0.002740 -0.006524 0.09849 0.001727 0.001630
-0.0008556 0.02854 0.1664 0.001421 0.005456
-0.0004054 -0.002389 0.01994 0.002644 0.002104
-0.0001267 0.02370 0.05128 0.003158 0.005206
0.0009256 0.009762 0.03128 0.002473 0.003812
-0.002440 0.005016 0.04834 -0.001735 -0.001310
-0.001190 -0.002135 0.05571 -0.004682 -0.003343
0.0003127 0.001546 0.04233 0.01679 0.02546
-0.0005357 0.006400 0.004220 0.004003 0.0005320
-0.0001019 0.02902 0.04764 -0.00004430 0.0009264
-0.0008703 -0.002673 0.004426 0.002441 -0.002322
-0.002400 -0.003763 0.02528 -0.006672 -0.0009015
0.0006608 -0.002061 0.01037 0.002308 -0.001528
0.0006616 -0.001121 0.008817 -0.0009844 -0.001256





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK13-C3-S4 Vein quartz 1381.0
BK13-C4-S1 Vein quartz 1381.0
BK13-C4-S2 Vein quartz 1381.0
BK13-C4-S3 Vein quartz 1381.0
BK13-C4-S4 Vein quartz 1381.0
BK15-C1-S1 Vein quartz 981.5
BK15-C2-S1 Vein quartz 981.5
BK15-C2-S2 Vein quartz 981.5
BK15-C2-S2 Vein quartz 981.5
BK15-C2-S3 Vein quartz 981.5
BK15-C2-S3 Vein quartz 981.5
BK15-C2-S4 Vein quartz 981.5
BK15-C2-S4 Vein quartz 981.5
BK17-C1-S1 Vein quartz 770.8
BK17-C1-S2 Vein quartz 770.8
BK17-C1-S3 Vein quartz 770.8
BK17-C3-S1 Vein quartz 770.8
BK17-C3-S2 Vein quartz 770.8
BK17-C3-S3 Vein quartz 770.8
BK17-C3-S4 Vein quartz 770.8
BK18-C2-S2 Vein quartz 608.8
BK18-C2-S4 Vein quartz 608.8
BK18-C5-S1 Vein quartz 608.8
BK18-C5-S2 Vein quartz 608.8
BK18-C5-S3 Vein quartz 608.8
BK18-C5-S4 Vein quartz 608.8
BK20-C3-S1 Vein quartz 640.5
BK20-C3-S2 Vein quartz 640.5
BK20-C3-S3 Vein quartz 640.5
BK20-C3-S4 Vein quartz 640.5
BK20-C4-S2 Vein quartz 640.5
BK28-C1-S1 Vein quartz 778.0
BK28-C1-S2 Vein quartz 778.0
BK28-C2-S3 Vein quartz 778.0
BK28-C2-S4 Vein quartz 778.0
BK28-C3-S3 Vein quartz 778.0
BK28-C3-S4 Vein quartz 778.0
BK44-C1-S1 Vein quartz 1600.4
BK44-C1-S4 Vein quartz 1600.4
BK44-C3-S1 Vein quartz 1600.4
BK44-C3-S2 Vein quartz 1600.4
BK44-C3-S3 Vein quartz 1600.4
BK44-C3-S4 Vein quartz 1600.4
Ta181 Au197** Pb208 Bi209 U238
0.0007668 0.001417 0.1729 -0.001880 0.01099
-0.001407 0.003794 0.01079 0.003217 0.0005844
-0.0009055 -0.003796 0.004046 0.001426 0.0001146
0.0008464 0.003875 0.01449 0.0007926 0.0009085
-0.0005820 -0.0004499 0.02742 0.002513 0.0007727
0.005338 -0.005982 0.03147 0.002436 -0.001769
0.002145 0.008538 -0.009166 0.005658 0.003508
-0.00004467 0.004297 0.01105 0.009759 0.002725
-0.001503 0.006463 0.01244 -0.006768 -0.0004768
0.0002571 0.01461 0.01355 0.007124 0.008764
0.0002818 -0.0008044 0.01144 -0.001061 0.0005178
0.0004349 -0.002190 0.02833 0.02933 0.008989
-0.001011 -0.008482 -0.006505 -0.0009493 0.0009975
-0.0002261 0.004633 0.04860 0.003910 -0.001318
0.003313 0.01507 0.1465 0.007432 0.003861
0.001960 0.002786 0.08104 -0.001098 0.003649
-0.001647 -0.006451 0.02100 0.003666 -0.0006287
-0.0008459 0.002678 0.06613 0.001160 0.0005809
0.0003156 0.005044 0.01549 0.005894 0.002625
0.005962 0.009492 1.400 0.008530 0.003095
0.0001216 0.001089 0.1023 0.0009594 0.0004597
0.002144 0.01106 0.2314 0.006294 0.0002481
0.0006857 -0.005525 0.2041 -0.004873 0.002221
0.002374 0.002146 0.1419 0.004419 0.000
0.0006538 -0.008467 0.2076 0.007655 0.001232
0.002326 -0.01121 0.08641 0.002041 0.0008048
0.001123 -0.0004727 0.04196 0.001262 0.0005283
0.00008143 0.003058 0.007894 0.001340 0.002549
0.001725 -0.002503 0.02713 -0.002539 0.0008997
0.0007522 0.01097 0.02976 0.001973 0.001592
-0.0001214 -0.002201 0.03810 0.001276 0.0003693
0.001648 -0.003902 0.3517 -0.0007267 0.001473
-0.0003059 0.01001 0.0009945 0.001096 0.002792
0.0007420 -0.003501 0.0006170 -0.002156 -0.0002602
-0.001488 -0.004697 0.006811 -0.007625 0.001044
-0.001550 -0.004154 0.05917 0.003506 0.01237
0.001399 -0.005609 0.2830 -0.0001651 0.002519
-0.0006925 0.0004296 0.001961 -0.003805 0.0003050
-0.003817 0.006340 0.009019 -0.001887 0.003130
0.001462 0.001405 0.05072 -0.001286 -0.0006832
0.0004698 0.002217 0.01510 -0.002854 -0.001914
-0.0002144 -0.005532 0.04386 0.004780 -0.0003777





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK46-C1-S1 Vein quartz 1774.0
BK46-C1-S2 Vein quartz 1774.0
BK46-C1-S3 Vein quartz 1774.0
BK46-C1-S4 Vein quartz 1774.0
BK46-C2-S1 Vein quartz 1774.0
BK46-C2-S2 Vein quartz 1774.0
BK46-C2-S3 Vein quartz 1774.0
BK46-C2-S4 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C3-S1 Vein quartz 1774.0
BK46-C4-S1 Vein quartz 1774.0
BK46-C4-S1 Vein quartz 1774.0
BK50-C1-S1 Vein quartz 3090.9
BK50-C1-S2 Vein quartz 3090.9
BK50-C1-S3 Vein quartz 3090.9
BK50-C1-S4 Vein quartz 3090.9
BK50-C3-S1 Vein quartz 3090.9
BK50-C3-S2 Vein quartz 3090.9
BK50-C3-S3 Vein quartz 3090.9
BK50-C3-S4 Vein quartz 3090.9
BK59-C1-S1 Vein quartz 2339.0
BK59-C1-S2 Vein quartz 2339.0
BK59-C1-S3 Vein quartz 2339.0
BK59-C1-S4 Vein quartz 2339.0
BK59-C2-S1 Vein quartz 2339.0
BK59-C2-S2 Vein quartz 2339.0
BK59-C2-S4 Vein quartz 2339.0
BK61-C1-S1 Vein quartz 2030.1
BK61-C1-S1 Vein quartz 2030.1
BK61-C1-S2 Vein quartz 2030.1
BK61-C1-S3 Vein quartz 2030.1
BK61-C2-S1 Vein quartz 2030.1
BK61-C2-S2 Vein quartz 2030.1
BK61-C2-S3 Vein quartz 2030.1
BK61-C2-S4 Vein quartz 2030.1
BK63-C1-S1 Vein quartz 1817.2
BK63-C1-S1 Vein quartz 1818.6
BK63-C1-S2 Vein quartz 1817.2
BK63-C1-S2 Vein quartz 1818.6
BK63-C1-S3 Vein quartz 1817.2
BK63-C1-S3 Vein quartz 1818.6
Ta181 Au197** Pb208 Bi209 U238
-0.001647 0.01605 -0.004900 -0.005478 -0.0004518
-0.0002916 0.01055 0.003016 -0.008908 -0.0008266
-0.0001122 0.003125 0.003115 0.002482 -0.0007713
-0.0005367 0.002236 0.005470 -0.001753 0.0007215
0.001933 0.006816 0.009172 -0.003253 0.0005885
0.0005009 -0.001897 0.005738 -0.001080 -0.001014
-0.001255 0.008564 0.004797 -0.0002893 0.0003585
0.0006859 -0.01015 0.005881 0.0008496 0.0002427
-0.001111 -0.005308 -0.0007490 0.003320 0.001070
-0.0006625 0.007901 0.02475 0.01125 -0.0008411
-0.001169 0.002687 0.01317 -0.002913 -0.002194
-0.0003079 -0.01803 -0.001546 0.001089 0.0002657
0.00008806 -0.002084 0.07371 0.003944 0.0009024
-0.0001634 0.01087 0.1157 0.004927 0.003347
0.001277 0.01739 0.2319 -0.003439 0.0007050
0.0006731 -0.001327 0.7373 -0.002887 0.01597
0.0002686 -0.002732 0.02666 0.0002337 0.01313
0.001002 -0.0004599 8.942 0.04482 0.2640
0.003526 0.002622 1.210 0.03016 0.01986
-0.001177 -0.003600 0.09608 -0.002176 0.0008182
0.001575 0.006883 0.3373 -0.0008947 -0.0008741
0.001113 0.001853 0.1075 -0.004840 0.0004647
0.002685 0.01395 0.01203 -0.01248 -0.001930
-0.0009846 0.008197 0.02807 0.002863 -0.00005261
0.001120 0.01043 0.06918 0.0005135 0.004171
0.002513 -0.003070 0.03778 -0.006393 -0.0008823
-0.0009958 0.008081 0.02871 -0.0002202 0.002224
-0.0009752 0.01032 0.01895 0.001194 0.001731
-0.0001455 -0.007320 0.1213 0.003482 -0.0006831
0.0003487 -0.002068 0.1422 0.002771 0.001771
-0.0003816 -0.002404 0.05282 0.004650 0.002828
0.003308 0.002748 0.04995 -0.003909 0.0004435
-0.001962 0.01009 0.3270 0.001763 0.003931
-0.0007358 -0.0003680 0.05791 -0.001191 -0.00004450
0.001461 0.007250 0.07042 0.001438 0.0006931
-0.0005315 0.007832 0.01719 -0.0005784 0.0006576
0.0001704 -0.007710 0.03270 0.0007361 0.0006146
0.00007094 0.005522 0.02027 0.0002374 0.0008390
-0.0005096 -0.0003457 0.007353 -0.002773 0.004584
0.002254 0.001346 0.003658 -0.001041 0.001647
0.003998 -0.0003606 0.02807 0.0006085 0.001718
-0.0006071 0.004678 0.004495 -0.002681 -0.0002088





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK63-C1-S4 Vein quartz 1817.2
BK63-C1-S4 Vein quartz 1818.6
BK63-C2-S1 Vein quartz 1817.2
BK63-C2-S1 Vein quartz 1818.6
BK63-C2-S2 Vein quartz 1818.6
BK63-C2-S3 Vein quartz 1817.2
BK63-C2-S3 Vein quartz 1818.6
BK63-C2-S4 Vein quartz 1818.6
BK63-C3-S1 Vein quartz 1817.2
BK63-C3-S1 Vein quartz 1818.6
BK63-C3-S2 Vein quartz 1817.2
BK63-C3-S2 Vein quartz 1818.6
BK63-C3-S3 Vein quartz 1817.2
BK63-C3-S3 Vein quartz 1818.6
BK63-C3-S4 Vein quartz 1817.2
BK63-C3-S4 Vein quartz 1818.6
BK63-C4-S1 Vein quartz 1818.6
BK63-C4-S2 Vein quartz 1818.6
BK63-C5-S1 Vein quartz 1818.6
BK63-C5-S2 Vein quartz 1818.6
BK63-C5-S3 Vein quartz 1818.6
BK025-C1-S1 Breccia Cement 0.0
BK025-C1-S4 Breccia Cement 0.0
BK025-C2-S1 Breccia Cement 0.0
BK025-C2-S3 Breccia Cement 0.0
BK025-C2-S4 Breccia Cement 0.0
BK025-C3-S1 Breccia Cement 0.0
BK025-C3-S2 Breccia Cement 0.0
BK025-C3-S3 Breccia Cement 0.0
BK025-C3-S4 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK025-C4-S2 Breccia Cement 0.0
BK104-C1-S1 Breccia Cement 361.5
BK104-C1-S2 Breccia Cement 361.5
BK104-C1-S3 Breccia Cement 361.5
BK104-C1-S4 Breccia Cement 361.5
BK104-C1-S5 Breccia Cement 361.5
BK104-C2-S1 Breccia Cement 361.5
BK104-C2-S2 Breccia Cement 361.5
BK104-C2-S3 Breccia Cement 361.5
BK104-C2-S4 Breccia Cement 361.5
BK104-C2-S5 Breccia Cement 361.5
Ta181 Au197** Pb208 Bi209 U238
0.002421 0.003971 0.01488 0.002556 0.00006297
-0.0004960 -0.0006752 0.3168 0.005831 0.004721
-0.0003837 0.002799 0.003789 0.001005 -0.001189
-0.0003027 0.006067 0.1858 0.008915 -0.001259
-0.0005709 0.001666 0.05837 0.03436 0.05777
-0.0003324 0.01084 0.06261 0.003245 0.0008894
-0.001461 0.008169 0.06288 0.002377 0.000
0.001351 0.002955 0.1501 0.01338 0.1490
0.002242 -0.0008717 0.006218 0.001902 0.001435
0.002242 -0.0008717 0.006218 0.001902 0.001435
0.0002667 -0.001265 0.04378 0.003059 0.004377
0.001367 0.0004607 0.6435 0.02457 0.1707
-0.0008272 0.0008296 -0.001186 0.0001631 -0.001412
-0.0002194 0.001919 0.1288 0.0002681 0.001452
0.003335 0.01184 0.01139 0.0007136 0.0008735
0.003507 0.01325 0.01081 -0.0008325 -0.001577
0.00007877 0.001841 0.05288 -0.001349 0.01338
0.0007257 0.006945 1.055 0.05328 0.001747
0.001120 0.007273 0.05969 0.006295 0.006220
0.0004117 -0.002396 0.06207 0.003433 0.002736
-0.001207 -0.003735 0.1426 0.001817 0.002595
-0.00007891 -0.003097 0.02105 0.002256 0.001577
-0.001132 0.0005281 0.007421 -0.003847 0.0005460
0.001205 -0.001041 0.01449 -0.001431 -0.001425
-0.0001861 -0.0004872 -0.0007940 0.0008328 0.001290
-0.001332 -0.004175 0.007199 0.001511 -0.001448
-0.001803 0.003896 0.002260 -0.0001107 -0.0001239
-0.0005030 0.007491 0.01820 0.002238 -0.001462
-0.001364 -0.006069 0.006285 -0.0008053 -0.001995
-0.002086 -0.0007625 0.06947 0.004674 0.002194
-0.0002996 0.002066 0.01440 0.0003460 0.001871
0.0003225 -0.007079 0.005210 0.001132 -0.002781
-0.0003271 0.001361 -0.002082 0.001520 0.00008930
-0.0001058 0.001072 0.3134 0.01769 0.02727
0.01066 -0.001533 0.2398 0.01030 0.05999
-0.002035 0.003047 0.3062 0.008282 -0.001345
-0.001151 0.0002836 0.6600 0.02607 0.02340
-0.001428 0.006020 1.032 0.005163 0.004442
0.004043 0.003376 1.211 0.009823 0.1411
0.0003865 -0.004371 0.1583 0.003286 0.2681
0.0005919 -0.009864 0.2530 -0.0001845 0.006829
-0.0001033 -0.0004591 0.4846 0.006437 0.02785





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK104-C3-S1 Breccia Cement 361.5
BK104-C3-S2 Breccia Cement 361.5









































Ta181 Au197** Pb208 Bi209 U238
0.0003320 -0.009234 0.4625 0.004139 0.005855
-0.0005641 0.006844 1.039 0.01485 0.008812
0.0003130 -0.0003804 0.4992 0.009075 0.003778
0.002358 -0.01344 0.02356 0.0009848 0.09944
-0.0003451 0.003387 0.9542 0.002139 0.008261
0.001022 -0.0009981 0.05855 0.002428 -0.002214
-0.001031 0.004580 0.01286 0.007961 -0.002072
-0.0005908 0.006467 0.02031 0.0004437 0.001779
0.0003600 -0.003234 0.03641 -0.00002344 -0.0007911
-0.00009159 0.004690 0.001199 -0.001587 0.002836
-0.0008571 0.001592 0.02021 0.001423 0.003284
-0.001174 -0.0005772 0.006726 0.0004077 0.0006631
0.001455 0.006330 0.008253 0.002164 -0.0001602
0.00004936 -0.008033 0.007970 0.0001220 0.00007984
0.001113 -0.001565 0.003061 -0.0009013 0.001007
-0.0008560 -0.003733 0.006899 -0.002026 0.001881
0.0008859 -0.005283 0.02573 -0.003098 0.0004746
-0.00002532 -0.004761 -0.004629 -0.0008313 -0.001628
0.0002490 -0.001264 0.004885 0.0006858 0.0003882
-0.001085 0.006943 0.02870 0.004252 0.001260
0.0009352 -0.003088 0.003829 -0.007552 0.002448
-0.0004312 -0.001902 0.02873 0.004667 0.001968
0.003340 0.007921 0.03838 -0.001812 0.01301
-0.0001637 -0.008181 0.1047 0.006068 0.001478
-0.0005472 -0.006888 0.1291 0.002048 0.0005069
0.0006306 0.0007768 0.1239 -0.003175 0.00002666
-0.0004508 -0.002872 0.03368 0.0005464 0.0007214
0.01172 -0.01137 0.01953 0.003149 0.002929
-0.001400 -0.0004376 0.009861 -0.002349 0.002571
0.001157 -0.005040 0.02837 0.01153 0.003271
0.001815 0.001446 0.03790 0.0006461 0.01642
-0.0001650 -0.0004739 0.1304 0.007608 0.0003351
-0.0005713 0.008622 0.02207 0.001294 0.001014
-0.0009200 0.001113 -0.001442 -0.0003311 0.002662
0.00006806 -0.001345 0.007430 -0.002524 0.001179
0.001273 -0.0008149 0.01448 0.0001414 0.005169
0.002501 -0.002398 0.01265 -0.001240 -0.0003176
-0.002003 0.007439 0.003583 -0.002212 -0.0001248
-0.0009069 -0.004015 -0.002127 0.006545 -0.0009549
0.0004100 -0.007034 0.005739 -0.002488 0.001716
0.000 -0.002159 0.06031 0.0007095 0.001442
-0.0004547 0.005936 0.01142 -0.004213 0.001904





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Ta181 Au197** Pb208 Bi209 U238
0.004379 0.001988 0.1026 0.006448 0.001131
0.001079 0.003299 0.1807 -0.001885 -0.0007062
0.0009457 0.002767 -0.007300 -0.001389 -0.001161
-0.00005904 -0.004984 -0.01224 -0.002230 0.0004211
-0.001430 0.006692 0.08066 0.0006142 0.0008435
-0.001865 -0.0001800 0.2612 0.003886 -0.0007159
-0.001720 -0.0002130 0.007405 0.001349 0.0006515
-0.001297 0.01253 0.002684 -0.003904 0.002639
0.00005789 0.0002564 0.2640 -0.002689 0.01303
-0.0001977 -0.003503 0.7425 0.04460 0.001300
0.001856 0.007726 0.3496 -0.0004370 0.002033
0.001011 0.004477 0.01960 -0.001577 -0.001433
0.001411 -0.01833 0.003137 0.004675 0.006133
-0.0009391 -0.0006768 0.2562 0.0008566 0.0005743
-0.0004496 0.009951 0.02997 -0.004114 0.004434
0.00009896 0.001866 0.09205 -0.0004904 0.001063
0.001169 0.007175 0.1068 0.0003387 0.001388
0.00005693 0.0006288 0.4556 0.003695 0.009342
0.0007965 0.002389 0.07117 -0.001432 0.001307
-0.001129 -0.01829 0.02530 0.004230 0.004360
0.0004549 -0.01095 0.02967 0.005694 0.005097
-0.002537 -0.006101 0.03141 -0.003565 0.002906
-0.0008188 -0.001669 0.007597 0.007182 -0.001368
0.001408 0.001403 0.02479 0.01484 0.005874
-0.0009863 0.001327 0.03073 0.004922 0.001705
0.01006 0.008804 0.05275 -0.001397 0.0009725
-0.002413 -0.007151 0.1130 -0.003460 -0.0006301
0.0009737 0.006391 0.03032 0.003183 -0.0003382
-0.001985 0.01948 0.04917 -0.0001798 0.00001849
0.006391 -0.0009095 0.06137 -0.008553 0.01205
0.003823 0.002687 0.1874 0.009238 0.01439
-0.001617 0.001065 0.07417 0.004533 0.0008220
0.0007320 -0.01681 0.02274 -0.0007786 0.001514
0.000 0.003042 0.01035 0.003725 -0.0009784
0.0008730 -0.009173 0.02620 0.003482 0.001501
0.0002884 -0.003948 0.06114 0.003617 0.0009780
-0.001855 -0.002150 0.07210 0.001596 0.0004301
0.002594 0.01462 0.01057 -0.001283 -0.0001041
0.002473 0.005345 0.04630 -0.002923 0.005151
0.00006040 -0.0008591 0.05106 0.005040 0.004817
0.0001894 0.0008082 0.06220 0.007136 0.001758
0.0008429 -0.01143 0.1038 0.002842 0.009414





quartz mineral chemistry by LA-ICP-MS
* distance from center of deposit














Ta181 Au197** Pb208 Bi209 U238
0.04186 -0.006407 4.305 0.4206 0.3793
-0.001322 -0.001238 0.1397 0.002557 0.01388
-0.001188 0.007037 0.2600 0.004185 0.003018
0.0003258 0.006786 0.2157 0.003576 0.0007934
-0.002037 0.008444 0.3897 -0.0005014 0.003456
0.0002291 0.002453 0.03238 -0.001191 -0.00009476
0.001141 0.001327 0.06346 0.006073 0.001259
-0.0001529 0.005624 0.006244 -0.00005346 0.001591
0.001045 -0.001408 0.05619 0.003575 0.001830




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
ESWP001-C1-S1 161.31 -0.1065 -0.3812 5.177E+05 0.2002 -38.01 0.2551 -0.1611 -0.04506 4.650E+05 103.6 33.99 0.1547 0.02632 0.08523 6.077
ESWP001-C1-S2 161.31 61.00 49.78 4.311E+05 13.58 76.04 0.4770 0.1107 27.28 4.650E+05 115.1 71.59 97.81 290.1 0.7864 8.179
ESWP001-C1-S3 161.31 0.7009 0.4089 5.263E+05 -0.9047 2.418 0.3918 -0.1493 -0.02857 4.650E+05 57.00 21.18 0.8629 0.1689 0.1214 7.793
ESWP001-C1-S4 161.31 -0.08039 -0.5594 5.075E+05 -1.787 -41.21 0.7905 -0.2359 0.01382 4.650E+05 55.19 29.13 1.661 0.07142 0.07919 9.517
ESWP001-C1-S5 161.31 -0.3792 -0.2813 5.141E+05 -1.428 35.59 0.4819 -0.5812 0.06210 4.650E+05 326.5 14.98 0.1579 0.1655 0.4307 6.016
ESWP001-C1-S6 161.31 0.5838 4.610 5.752E+05 -0.4790 610.7 7905 4.768 0.8840 4.650E+05 79.11 24.14 10.76 0.4971 1.210 9.503
ESWP001-C1-S7 161.31 320.7 2701 4.954E+05 1721 4.568 33.13 0.1254 28.33 4.650E+05 73.58 139.4 110.1 98.05 1.099 11.65
ESWP001-C2-S10 161.31 -0.01870 0.6424 4.939E+05 -0.7836 3.152 0.4118 -0.2975 -0.06917 4.650E+05 102.3 30.23 0.1158 0.1874 -0.5781 7.569
ESWP001-C2-S11 161.31 -0.1100 0.1517 4.925E+05 -0.01944 -55.39 0.2042 0.3972 0.06260 4.650E+05 98.89 14.56 0.2255 0.4144 0.05421 6.273
ESWP001-C2-S12 161.31 -0.03195 42.72 5.155E+05 5.947 48.99 0.6141 -0.02375 0.1168 4.650E+05 59.40 17.63 1.195 1.158 -0.1828 8.983
ESWP001-C2-S13 161.31 0.8707 8.230 5.074E+05 0.8125 7.432 0.5455 -0.3898 0.1517 4.650E+05 91.24 23.80 1.444 0.5636 -0.2179 8.476
ESWP001-C2-S14 161.31 -0.3802 0.7049 5.165E+05 0.1036 -69.72 0.4216 0.1743 0.006155 4.650E+05 9.975 149.6 0.6571 0.2377 1.134 8.541
ESWP001-C2-S8 161.31 -0.8204 0.8675 5.275E+05 0.2667 -24.20 0.3534 -0.03945 0.005503 4.650E+05 68.85 9.565 0.2214 0.08617 0.5832 9.829
ESWP001-C2-S9 161.31 -0.1491 0.3817 4.901E+05 -2.207 -15.42 0.5459 -0.03408 -0.07905 4.650E+05 79.70 24.45 0.3487 0.1196 0.3354 7.690
ESWP002-C1-S1 132.23 0.02109 -0.1053 5.567E+05 -0.3277 8.749 0.8766 -0.01598 0.05479 4.650E+05 25.75 7.747 1.396 0.2534 0.2927 16.94
ESWP002-C1-S10 132.23 0.1224 -0.06902 4.886E+05 -0.4142 1.694 0.6132 -0.1244 -0.07352 4.650E+05 8.521 2.196 3.266 0.2086 0.6904 27.12
ESWP002-C1-S11 132.23 0.06869 0.2541 4.653E+05 -0.3029 -28.17 0.3557 0.3372 -0.02404 4.650E+05 4.501 2.505 0.5170 0.2972 0.2048 6.019
ESWP002-C1-S12 132.23 0.06842 0.02178 4.956E+05 -0.2297 9.096 0.5781 -0.3450 -0.09753 4.650E+05 1.907 0.8953 0.2256 0.2739 0.4297 6.181
ESWP002-C1-S13 132.23 0.03008 0.05785 4.897E+05 -1.901 24.34 0.7015 -0.09282 -0.05946 4.650E+05 50.57 20.14 0.9260 0.2601 -0.2690 12.27
ESWP002-C1-S14 132.23 0.2932 -0.01800 4.826E+05 -0.5390 -43.75 0.4474 -0.1005 -0.01892 4.650E+05 15.21 3.979 0.2672 0.2627 0.2329 7.678
ESWP002-C1-S15 132.23 0.08564 -0.06956 4.826E+05 -2.206 9.899 0.5563 -0.04709 0.03350 4.650E+05 39.25 17.55 1.236 0.2545 0.2432 12.64
ESWP002-C1-S3 132.23 -0.03500 -0.1422 5.630E+05 -1.352 25.39 0.8377 0.2987 0.0005810 4.650E+05 0.4476 1.107 2.079 0.1314 -0.2812 24.19
ESWP002-C1-S4 132.23 0.2880 0.07560 5.246E+05 -0.03653 -31.31 0.5784 0.1794 -0.02086 4.650E+05 9.217 9.316 0.3644 0.03994 0.1868 6.901
ESWP002-C1-S5 132.23 -0.04783 0.2084 5.236E+05 -0.3630 13.66 0.8112 0.08853 -0.02522 4.650E+05 9.020 5.480 0.2074 0.3163 0.6055 5.426
ESWP002-C1-S6 132.23 -0.07307 0.2336 5.111E+05 -0.5477 16.56 0.7937 0.05339 -0.05641 4.650E+05 17.63 12.61 0.3500 0.1941 0.7392 6.284
ESWP002-C1-S7 132.23 0.03730 0.2846 4.910E+05 0.2258 26.77 0.5957 0.3759 0.05547 4.650E+05 17.75 17.14 0.2973 0.2578 -0.1203 8.010
ESWP002-C1-S8 132.23 0.1580 0.07611 4.964E+05 -1.021 -11.48 0.9541 0.09044 0.05903 4.650E+05 17.09 3.854 0.3097 0.1029 -0.5845 8.178
ESWP002-C1-S9 132.23 -0.06829 0.02814 4.935E+05 -0.9317 10.06 0.7971 0.1041 0.03824 4.650E+05 10.09 3.017 0.2672 0.2742 0.2364 7.402
ESWP006-C1-S1 1429.02 0.1375 224.1 5.210E+05 4.026 39.72 0.1205 -0.1721 0.09880 4.650E+05 6.963 6.779 0.9209 0.2913 0.6381 15.54
ESWP006-C1-S2 1429.02 0.01721 0.3685 5.047E+05 -1.490 -49.20 0.6590 0.1609 0.01803 4.650E+05 20.67 6.822 0.3094 0.2721 0.8688 9.484
ESWP006-C1-S3 1429.02 -0.04609 0.1736 4.782E+05 -0.8081 -10.29 -0.06627 0.1869 0.008921 4.650E+05 58.07 13.38 0.5102 0.09710 0.4794 9.342
ESWP006-C1-S4 1429.02 -0.1840 0.5572 5.100E+05 -1.278 12.73 0.4754 0.04707 0.05997 4.650E+05 193.4 9.550 0.5938 0.1153 0.1252 23.81
ESWP006-C1-S5 1429.02 -0.6419 0.1220 4.777E+05 -3.149 24.03 0.6415 -0.1186 -0.04201 4.650E+05 36.10 21.06 0.4708 0.2057 0.1563 21.25
ESWP006-C1-S6 1429.02 1.076 -0.2998 5.390E+05 -4.283 -62.97 0.6249 0.1392 0.1657 4.650E+05 68.45 84.71 2.642 0.9599 1.333 27.66
ESWP006-C2-S10 1429.02 0.7872 0.08835 5.043E+05 -0.2496 51.94 0.4771 -0.2812 0.006111 4.650E+05 50.34 20.31 0.6694 0.1012 0.7361 24.62
ESWP006-C2-S11 1429.02 -0.09534 -0.5083 5.130E+05 -1.351 6.788 0.3676 0.04275 -0.05573 4.650E+05 29.23 17.86 1.276 1.198 0.8135 24.71
ESWP006-C2-S12 1429.02 -0.2261 -0.3603 4.955E+05 0.3401 27.94 0.5061 0.4810 0.04634 4.650E+05 133.8 19.31 26.26 6.701 0.9115 25.08
ESWP006-C2-S13 1429.02 -0.2753 -0.1559 4.802E+05 -0.1150 15.11 0.5466 0.01524 -0.01436 4.650E+05 296.8 7.009 0.3550 0.2173 0.4397 24.77
ESWP006-C2-S14 1429.02 0.3324 -0.8123 4.772E+05 -1.003 -19.58 0.6074 0.1183 -0.09043 4.650E+05 31.92 11.01 1.164 0.3260 0.5268 9.467
ESWP006-C2-S15 1429.02 -0.1318 -0.3006 4.832E+05 0.4651 8.129 0.3113 -0.1940 -0.002145 4.650E+05 64.70 27.99 0.2016 0.04073 0.4966 10.13
ESWP006-C2-S7 1429.02 0.1870 -0.3010 4.891E+05 -0.8992 -25.77 0.2908 0.4351 0.07190 4.650E+05 50.25 12.97 0.2834 0.1827 0.2591 6.548
ESWP006-C2-S8 1429.02 -0.03699 -0.6714 5.004E+05 1.706 38.02 0.5829 -0.1204 0.05109 4.650E+05 144.8 18.37 0.3978 0.2457 0.1135 9.270




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
ESWP007-C1-S2 1360.22 -0.1431 4.570 5.614E+05 -1.324 -1.254 0.9244 -0.09354 -0.1190 4.650E+05 56.84 19.94 0.2318 0.1379 -0.9674 4.568
ESWP007-C1-S3 1360.22 -0.008828 0.1991 5.096E+05 -0.3126 -2.219 0.3639 0.3632 -0.004539 4.650E+05 113.2 149.9 0.2442 0.1064 0.2078 3.871
ESWP007-C1-S4 1360.22 0.1526 -0.1772 5.017E+05 -0.7029 -9.389 0.5033 0.01657 -0.006648 4.650E+05 66.46 41.49 0.1073 0.3316 0.5817 8.590
ESWP007-C1-S5 1360.22 0.08042 -0.05065 4.907E+05 -2.307 13.29 0.5665 -0.1342 0.07576 4.650E+05 59.59 31.62 0.1220 0.1483 0.6696 8.363
ESWP007-C2-S6 1360.22 0.1894 0.3864 5.132E+05 -0.1573 15.02 0.3938 -0.1059 -0.007807 4.650E+05 328.6 79.58 0.2273 0.1478 0.4544 4.282
ESWP007-C2-S8 1360.22 -0.03779 0.1913 5.658E+05 -0.5202 -11.99 1.589 -0.03281 5.738 4.650E+05 162.1 61.28 0.1813 0.1306 0.7136 5.652
ESWP007-C2-S9 1360.22 0.2332 2.389 4.971E+05 -0.9850 -0.7745 2.071 -0.3444 2.889 4.650E+05 33.66 46.69 0.3044 0.2831 0.7176 8.055
ESWP007-C3-S11 1360.22 0.003311 -0.2700 5.146E+05 0.3525 -2.496 0.4528 0.1004 -0.02749 4.650E+05 2.595 7.845 0.07132 0.3154 0.05428 4.665
ESWP007-C3-S12 1360.22 -0.02785 -0.1781 4.931E+05 -1.496 -24.31 0.4564 0.1693 -0.02521 4.650E+05 32.56 31.11 0.09704 0.1471 -0.1216 4.351
ESWP018-C1-S3 513.17 -0.09580 0.5406 4.874E+05 -0.3488 -2.403 0.5978 0.1567 0.04299 4.650E+05 161.3 32.00 0.09613 0.09306 0.5718 5.513
ESWP018-C1-S4 513.17 3.177 1.169 5.033E+05 -1.613 17.89 1.234 -0.1389 0.1339 4.650E+05 35.31 36.80 0.1226 0.1138 0.4306 5.821
ESWP018-C1-S5 513.17 0.1065 0.2771 4.677E+05 -1.052 -4.803 0.5340 -0.4522 0.03305 4.650E+05 47.69 30.05 0.1443 0.2465 0.5287 3.248
ESWP018-C1-S6 513.17 0.3032 0.3704 4.564E+05 -0.3037 -31.01 0.3368 -0.2566 -0.03726 4.650E+05 87.54 28.13 0.05461 0.2771 0.8964 4.104
ESWP018-C1-S7 513.17 10.70 11.52 4.642E+05 17.62 30.85 2.685 -0.000002355 1.431 4.650E+05 79.62 29.73 0.06821 0.9910 1.205 3.341
ESWP018-C1-S8 513.17 0.3174 0.06760 4.734E+05 1.963 -7.736 0.9832 0.1043 0.01637 4.650E+05 113.4 21.98 -0.01088 0.05794 0.7922 3.887
ESWP018-C2-S11 513.17 0.9922 -0.5006 4.536E+05 -2.523 55.04 0.9281 0.2917 0.08466 4.650E+05 20.60 34.62 0.4804 5.393 0.4574 4.371
ESWP018-C2-S12 513.17 0.07371 0.7369 5.116E+05 -2.235 -33.74 0.8295 0.3894 -0.1448 4.650E+05 6.612 25.07 0.06257 0.2994 0.6595 5.968
ESWP018-C2-S13 513.17 0.7803 0.3007 4.645E+05 -0.5304 16.44 0.6055 0.1358 0.03244 4.650E+05 403.8 94.58 0.2622 1.508 1.162 4.660
ESWP018-C2-S14 513.17 1.135 0.4921 4.779E+05 -0.03024 14.57 0.8885 0.2871 0.1330 4.650E+05 50.14 89.67 0.1540 1.223 0.5845 3.754
ESWP058-C1-S1 1709.21 0.2390 -0.02536 5.145E+05 -0.3265 -49.51 0.2624 0.1747 0.04103 4.650E+05 322.7 95.33 0.4065 0.2483 0.1055 8.511
ESWP058-C1-S2 1709.21 0.3353 0.2976 5.242E+05 0.8609 -15.37 0.4836 0.04164 0.05799 4.650E+05 139.5 84.95 32.96 0.2276 -0.2925 4.785
ESWP058-C1-S3 1709.21 -0.3974 1.393 5.259E+05 0.5471 -3.444 0.9086 0.09414 0.02017 4.650E+05 68.09 40.08 16.17 0.2069 0.4896 4.551
ESWP058-C1-S4 1709.21 -0.03195 4.071 5.087E+05 -0.9363 32.87 0.4968 -0.003398 0.04677 4.650E+05 149.8 43.68 1.099 0.04452 -0.2063 10.37
ESWP058-C1-S5 1709.21 25.30 1138 5.429E+05 483.9 74.64 5.046 0.1581 -0.01500 4.650E+05 19.61 12.87 6.265 0.2654 -0.4735 6.331
ESWP058-C1-S6 1709.21 0.4358 -0.05783 5.049E+05 -0.8920 42.00 0.4503 0.1228 -0.04501 4.650E+05 46.00 36.58 14.31 0.1886 0.4741 7.473
ESWP058-C2-S10 1709.21 0.5819 -0.6706 5.084E+05 -1.361 35.32 0.5475 0.1825 -0.08890 4.650E+05 145.8 77.28 0.07487 0.1645 0.5513 9.342
ESWP058-C2-S7 1709.21 0.1288 -0.4733 5.121E+05 0.4369 -34.78 0.2094 0.1013 -0.06456 4.650E+05 60.94 25.28 7.946 0.2753 0.4813 7.088
ESWP058-C2-S8 1709.21 5.686 35.07 4.804E+05 16.11 23.87 81.67 0.3767 0.03496 4.650E+05 114.9 38.83 0.6277 0.3267 0.3313 9.456
ESWP058-C2-S9 1709.21 0.005105 0.1775 4.563E+05 -2.346 -1.580 0.4940 -0.3485 -0.1072 4.650E+05 90.11 25.75 1.045 0.06793 0.5424 9.460
ESWP058-C3-S11 1709.21 0.4662 6.651 5.036E+05 1.366 -9.190 5.013 0.6073 -0.04335 4.650E+05 239.1 75.34 0.6861 0.2368 0.6443 7.701
ESWP058-C3-S12 1709.21 7.289 369.8 5.780E+05 40.68 -24.10 23.76 0.8147 0.4458 4.650E+05 162.3 92.81 26.70 2.335 1.046 7.229
ESWP058-C3-S13 1709.21 -0.05502 1.935 5.194E+05 -2.032 -20.80 2.835 0.02112 -0.006003 4.650E+05 58.30 24.31 4.740 0.1042 -0.1876 12.35
ESWP058-C3-S14 1709.21 100.9 1626 5.777E+05 509.1 160.4 187.1 11.46 11.32 4.650E+05 106.2 42.91 86.44 13.91 1.784 12.07
ESWP065-C1-S1 609.43 -0.1390 -0.2855 5.417E+05 -0.2946 -1.776 0.4954 -0.1142 0.006808 4.650E+05 0.3049 229.8 0.2943 0.1251 0.6341 49.68
ESWP065-C1-S10 609.43 -0.2229 -0.5763 4.996E+05 -1.134 -36.31 0.5194 -0.2147 -0.02155 4.650E+05 1042 4.470 0.1690 0.2916 0.09894 15.66
ESWP065-C1-S2 609.43 -0.1624 -0.3301 5.248E+05 -0.3662 38.28 0.6395 0.2323 -0.01628 4.650E+05 3.282 239.5 0.6725 0.4165 0.5985 24.56
ESWP065-C1-S3 609.43 0.1025 -0.5747 5.225E+05 -1.809 -8.848 0.4906 0.04430 0.07601 4.650E+05 1.344 10.82 0.2046 0.1314 0.6319 25.28
ESWP065-C1-S5 609.43 0.7447 1.770 5.713E+05 -1.166 19.99 1.712 -0.5416 -0.1444 4.650E+05 0.3640 17.67 4.154 4.023 0.2608 28.95
ESWP065-C1-S6 609.43 0.07462 -0.3400 5.122E+05 -0.5887 29.57 0.2353 0.2393 0.05914 4.650E+05 4.480 5.768 0.1723 0.1746 0.7302 26.85
ESWP065-C1-S7 609.43 -0.08807 -0.01374 4.974E+05 1.063 2.506 0.6504 0.02350 -0.07646 4.650E+05 90.20 3.524 0.1055 0.1142 0.01281 15.81
ESWP065-C1-S8 609.43 -0.02308 0.04085 5.124E+05 1.201 -24.97 0.5177 0.3740 -0.04725 4.650E+05 4610 4.031 0.3420 0.1726 0.8063 17.26
ESWP065-C1-S9 609.43 0.05080 -0.7495 4.969E+05 2.150 -3.436 0.4341 0.02399 -0.08355 4.650E+05 27.88 4.291 -0.002772 0.2181 0.1056 17.43




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
WP03-C1-S2 1546.40 0.7525 0.2951 5.312E+05 -2.282 56.75 0.5575 -0.1220 -0.005896 4.650E+05 26.41 6.224 0.6559 0.2171 0.7565 8.223
WP03-C1-S3 1546.40 0.6901 -0.2570 5.367E+05 -0.005429 3.150 0.3596 0.2655 0.04446 4.650E+05 106.2 20.59 0.2927 0.3258 1.206 12.43
WP03-C1-S4 1546.40 -0.7595 -0.1394 5.001E+05 2.219 -21.66 0.5687 0.02434 0.04376 4.650E+05 60.88 20.08 0.6185 0.1154 0.3223 6.671
WP03-C1-S5 1546.40 0.6505 0.6394 5.059E+05 -0.3871 -21.25 0.5873 0.2292 -0.02102 4.650E+05 17.53 2.540 0.4130 0.1947 2.097 21.04
WP03-C1-S6 1546.40 0.3504 -0.4131 5.109E+05 0.6956 22.16 1.526 0.2012 -0.05708 4.650E+05 33.63 7.449 0.7069 0.2025 1.106 8.004
WP03-C1-S7 1546.40 0.1093 1.699 5.053E+05 20.79 0.3253 0.3697 0.1834 0.02298 4.650E+05 41.88 6.771 0.6487 0.2636 1.777 10.86
WP03-C1-S8 1546.40 -0.2181 3.238 5.356E+05 0.2724 -34.49 0.5952 0.01517 -0.02672 4.650E+05 46.45 11.04 0.6053 0.2823 0.5678 3.793
WP06-C1-S1 1429.02 0.2535 0.06646 5.326E+05 0.8160 15.63 0.2546 -0.2044 0.08485 4.650E+05 17.04 262.8 -0.02634 -0.1045 0.6051 28.75
WP06-C1-S2 1429.02 0.1633 0.05023 5.304E+05 794.6 44.43 0.7579 0.3045 2.689 4.650E+05 13.13 445.9 6558 125.7 0.7895 37.12
WP06-C1-S3 1429.02 -0.2088 -0.04658 5.222E+05 0.7345 17.92 0.5922 0.3237 0.03443 4.650E+05 8.192 397.5 0.02520 0.5595 0.7547 40.87
WP06-C1-S4 1429.02 0.2383 -0.04917 5.153E+05 -1.136 -29.13 0.9719 -0.3509 -0.1886 4.650E+05 39.46 804.7 0.04780 0.1509 0.8304 40.27
WP06-C1-S5 1429.02 -0.2627 -0.3331 5.346E+05 2.914 25.40 0.2550 0.2735 0.03726 4.650E+05 878.6 262.1 0.2292 0.1205 2.362 26.54
WP06-C2-S10 1429.02 0.1922 -0.6660 5.219E+05 -1.554 -6.572 1.186 0.4044 0.1433 4.650E+05 82.97 235.2 -0.003099 0.1685 0.7333 35.51
WP06-C2-S6 1429.02 -0.3256 0.04290 5.302E+05 0.2965 85.19 0.8581 0.2988 0.01116 4.650E+05 579.5 68.57 0.1297 0.2252 0.8895 7.825
WP06-C2-S7 1429.02 0.04108 -0.07404 5.343E+05 0.1796 -37.90 0.1945 0.3742 -0.08057 4.650E+05 216.3 149.8 0.1270 0.2440 0.9872 24.12
WP06-C2-S8 1429.02 0.02320 0.3704 5.249E+05 -3.097 23.28 0.9266 -0.2223 -0.06564 4.650E+05 62.47 103.6 0.1268 0.2257 0.8971 31.07
WP06-C2-S9 1429.02 0.1941 0.3346 5.112E+05 -0.4437 -36.13 0.9971 -0.3550 -0.06415 4.650E+05 62.22 85.32 0.1835 0.1028 0.8064 29.36
WP06-C3-S11 1429.02 0.07738 0.3539 5.373E+05 0.5953 22.62 1.131 0.2357 -0.06463 4.650E+05 70.20 370.5 0.1199 -0.004155 0.1941 41.94
WP06-C3-S12 1429.02 -0.06928 0.2777 5.104E+05 -1.522 -1.885 0.2108 -0.1868 0.01413 4.650E+05 67.47 122.7 -0.1204 0.1758 0.4723 26.34
WP06-C3-S13 1429.02 -0.2737 0.09547 5.426E+05 0.3763 54.65 0.6351 0.7956 0.01905 4.650E+05 36.14 146.4 0.3152 0.1455 0.7838 26.27
WP06-C3-S14 1429.02 -0.4820 -0.2283 5.163E+05 1.525 32.75 0.8252 0.1291 -0.1128 4.650E+05 36.54 132.8 0.1044 0.2168 0.5035 38.13
WP06-C3-S15 1429.02 -0.3098 0.1805 5.258E+05 0.8484 -22.03 0.8218 0.2786 -0.01315 4.650E+05 25.70 256.0 -0.06384 0.2654 0.06878 33.69
WP17-C1-S1 712.89 0.04365 -0.3714 5.088E+05 0.1648 -5.583 1.119 -0.02062 0.09868 4.650E+05 63.11 103.7 0.3148 0.2306 2.150 7.832
WP17-C1-S2 712.89 6.119 -0.07953 5.171E+05 0.5079 22.85 0.5169 0.2901 0.1459 4.650E+05 290.1 79.37 0.01302 0.2456 0.8340 4.795
WP17-C1-S3 712.89 0.05639 -0.002341 5.228E+05 -1.302 -18.80 0.9850 -0.2835 0.04972 4.650E+05 29.57 35.56 0.06201 0.1342 1.127 6.146
WP17-C1-S4 712.89 -0.09092 0.5088 5.136E+05 0.4916 7.897 0.7739 0.4296 0.07704 4.650E+05 71.49 101.3 0.06752 0.8162 1.678 5.434
WP17-C1-S5 712.89 2.205 0.08359 5.249E+05 0.3656 57.54 1.359 0.07906 0.2864 4.650E+05 309.5 174.8 0.1620 1.233 1.636 7.142
WP17-C1-S6 712.89 0.05358 -0.3621 5.142E+05 0.003522 -23.19 1.536 0.5999 0.4421 4.650E+05 25.04 83.01 0.6575 0.9471 1.702 6.661
WP17-C1-S7 712.89 0.08350 0.1278 5.081E+05 -1.210 4.872 0.8047 0.3675 0.1377 4.650E+05 32.82 68.87 0.06804 0.1359 1.962 7.035
WP17-C2-S10 712.89 108.2 0.08710 5.036E+05 0.4044 39.27 0.6407 0.2523 0.1609 4.650E+05 206.9 87.18 1.023 0.4756 1.226 6.635
WP17-C2-S11 712.89 106.9 1.555 4.793E+05 0.4751 197.4 0.5395 0.1392 13.61 4.650E+05 93.43 66.84 31.23 2.844 1.284 6.238
WP17-C2-S12 712.89 0.000 -0.2168 4.864E+05 -1.053 -32.26 0.4174 0.1202 -0.02006 4.650E+05 176.6 292.3 0.08851 0.1306 1.850 8.469
WP17-C2-S13 712.89 0.05695 -0.05757 5.027E+05 0.8967 -13.08 0.4748 0.1682 0.04766 4.650E+05 218.5 168.4 0.07121 0.07303 1.776 7.763
WP17-C2-S14 712.89 -0.09065 0.2857 5.172E+05 -1.675 47.55 0.8771 0.2100 -0.03724 4.650E+05 95.65 191.1 2.312 0.1785 1.683 7.527
WP17-C2-S15 712.89 0.2720 0.5498 5.155E+05 -1.193 13.19 0.4577 -0.1611 0.03671 4.650E+05 141.6 186.1 0.2710 0.1433 3.243 12.88
WP17-C2-S8 712.89 -0.01717 -0.3097 5.018E+05 -0.1781 8.993 0.6653 -0.2626 0.01652 4.650E+05 27.78 34.15 0.4123 0.1937 0.8500 8.038
WP17-C2-S9 712.89 0.6256 0.8319 5.332E+05 -1.312 17.76 0.7650 0.3606 0.1353 4.650E+05 22.48 30.58 0.08942 0.1647 1.626 5.351
WP20-C1-S1 1110.01 0.002101 0.2133 5.364E+05 -1.562 -7.143 0.8113 -0.06743 0.01216 4.650E+05 130.4 331.9 0.1707 0.2239 0.9748 22.22
WP20-C1-S10 1110.01 0.02099 -0.06099 5.441E+05 -1.681 -6.629 0.2592 0.02491 -0.06043 4.650E+05 69.10 59.12 0.1044 0.2354 1.463 26.80
WP20-C1-S11 1110.01 0.1554 0.1171 5.308E+05 -1.309 -15.00 0.6154 0.1564 -0.002775 4.650E+05 122.2 77.25 0.05749 0.2250 0.4659 22.98
WP20-C1-S12 1110.01 0.06373 -0.4458 5.179E+05 -0.1687 27.39 0.6797 0.3206 0.1051 4.650E+05 98.89 356.2 0.2648 0.1413 0.7385 26.05
WP20-C1-S13 1110.01 0.2257 0.1934 5.072E+05 -2.620 19.18 0.8133 -0.1564 -0.04460 4.650E+05 51.58 48.44 0.06100 0.1691 0.4023 19.07




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
WP20-C1-S15 1110.01 0.1681 0.1362 5.281E+05 0.8184 -76.63 0.9408 0.06023 -0.1218 4.650E+05 100.1 62.03 0.2019 0.2831 0.7533 21.28
WP20-C1-S2 1110.01 0.01889 0.05099 5.415E+05 -1.007 6.942 1.018 0.2787 0.1197 4.650E+05 125.2 195.3 0.1486 0.2092 1.055 23.56
WP20-C1-S3 1110.01 0.1178 0.2128 5.315E+05 -1.390 -47.51 1.137 -0.2550 -0.01962 4.650E+05 95.27 154.9 0.2505 0.01236 0.4698 24.53
WP20-C1-S4 1110.01 0.1267 0.2530 5.397E+05 0.3701 -52.29 0.6474 0.04715 -0.03379 4.650E+05 68.23 46.26 0.1126 0.1061 0.2641 14.70
WP20-C1-S5 1110.01 0.06613 -0.3395 5.507E+05 0.04405 37.64 0.2794 -0.1778 -0.1693 4.650E+05 81.26 51.86 -0.1701 -0.002357 0.9698 17.96
WP20-C1-S6 1110.01 -0.1186 0.1896 5.444E+05 0.1084 31.20 0.7934 -0.2665 -0.02060 4.650E+05 52.59 59.44 0.1442 0.1371 0.9293 24.32
WP20-C1-S7 1110.01 -0.001709 -0.03276 5.349E+05 2.275 -51.64 0.4098 0.09654 0.09873 4.650E+05 208.5 560.0 0.3566 -0.1810 0.4574 17.54
WP20-C1-S8 1110.01 0.06200 -0.1420 5.476E+05 -0.1043 -48.89 0.4113 -0.02721 -0.04170 4.650E+05 147.1 69.04 -0.05186 0.08556 1.010 24.15
WP20-C1-S9 1110.01 -0.06536 0.2286 5.350E+05 -0.8216 -15.67 1.023 0.1691 -0.02005 4.650E+05 83.78 15.37 0.2289 0.05412 0.4358 15.89
WP23-C1-S1 1688.35 2.250 -0.2760 5.243E+05 -1.443 -45.84 0.7619 0.1179 0.01787 4.650E+05 22.92 3.350 0.3875 0.09045 0.3273 8.770
WP23-C1-S2 1688.35 0.2774 1.172 5.265E+05 0.4446 13.38 0.7298 0.1650 -0.02665 4.650E+05 24.30 6.366 0.4028 1.613 0.2909 8.382
WP23-C1-S3 1688.35 0.1037 0.3351 5.290E+05 -1.424 5.131 0.5770 0.1076 -0.005841 4.650E+05 13.66 3.497 0.3922 0.1014 0.5219 8.886
WP23-C1-S4 1688.35 0.04893 0.1513 5.204E+05 -1.053 -8.005 0.6149 -0.05814 -0.03565 4.650E+05 22.70 6.957 0.3425 0.1939 0.2433 9.658
WP23-C2-S5 1688.35 0.04372 0.01934 5.017E+05 1.071 17.57 0.6355 -0.07363 0.04031 4.650E+05 50.83 7.581 0.2495 0.2424 0.1641 8.210
WP23-C2-S6 1688.35 17.54 0.2400 5.077E+05 2.363 9.170 0.7390 0.07030 -0.005344 4.650E+05 27.99 6.972 0.4128 0.7936 0.1289 8.306
WP23-C2-S7 1688.35 -0.1202 0.4673 5.050E+05 0.4456 -32.24 0.9531 -0.03517 -0.03519 4.650E+05 40.85 25.34 1.204 0.1296 0.1903 9.556
WP23-C2-S8 1688.35 0.5727 -0.06795 5.159E+05 -0.3854 5.161 0.5821 -0.2820 -0.03178 4.650E+05 19.48 3.952 0.2198 0.5589 0.3875 9.373
WP23-C3-S10 1688.35 -0.5124 0.04788 5.057E+05 -1.202 -3.619 0.7899 0.1493 0.03748 4.650E+05 27.54 11.64 0.7378 0.2352 0.09693 8.711
WP23-C3-S11 1688.35 0.03985 -0.2845 4.989E+05 -1.920 1.734 0.2865 -0.08288 0.003604 4.650E+05 37.82 13.23 0.3958 0.1475 0.1923 8.590
WP23-C3-S12 1688.35 0.06497 0.1336 5.162E+05 -0.7635 24.75 0.4804 -0.1256 0.03450 4.650E+05 31.84 17.65 0.8704 0.6547 0.3914 7.799
WP23-C3-S13 1688.35 0.004506 0.06001 5.132E+05 -0.6533 55.04 0.6459 -0.08575 0.03994 4.650E+05 38.64 18.78 0.6585 0.3963 0.1509 7.841
WP23-C3-S9 1688.35 0.3462 -0.04945 5.206E+05 -1.631 -1.838 0.9518 0.01998 0.001965 4.650E+05 10.66 2.384 0.1324 0.1851 0.8046 5.291
WP26-C1-S1 1314.77 0.8395 0.9527 5.360E+05 1.202 -11.45 0.1982 -0.1556 -0.08496 4.650E+05 36.98 24.12 1.470 0.05738 0.3721 7.731
WP26-C1-S2 1314.77 0.1149 -0.4761 5.303E+05 -0.5429 23.38 0.6241 -0.05425 0.03263 4.650E+05 32.04 10.44 1.465 0.2028 -0.1262 8.741
WP26-C1-S3 1314.77 0.01817 0.7864 5.219E+05 0.1137 27.60 0.6948 0.1292 -0.08552 4.650E+05 116.2 36.61 1.659 0.1471 0.3091 7.446
WP26-C1-S4 1314.77 0.2245 0.1528 5.275E+05 -3.286 -6.304 0.2598 -0.1483 -0.002254 4.650E+05 14.90 5.126 0.5355 0.1786 -0.07366 7.901
WP26-C1-S5 1314.77 -0.5525 -0.3120 4.985E+05 -0.4125 17.23 0.2693 0.1160 -0.01538 4.650E+05 9.304 4.231 0.5879 1.162 0.1423 8.330
WP26-C1-S6 1314.77 0.5255 0.3473 5.424E+05 -2.659 -85.65 0.7433 -0.003525 0.008719 4.650E+05 20.99 15.35 1.860 0.1400 0.04194 8.073
WP26-C2-S10 1314.77 -0.1873 0.6645 5.018E+05 0.7697 -16.85 0.4030 -0.2135 -0.007469 4.650E+05 20.01 12.25 1.081 0.2544 0.3751 8.007
WP26-C2-S11 1314.77 -0.3542 3.112 5.233E+05 1.887 -3.040 0.7282 0.05346 -0.01989 4.650E+05 41.52 22.56 5.127 0.6494 0.4826 8.263
WP26-C2-S12 1314.77 0.1978 2.204 5.245E+05 0.3856 -27.69 0.5057 0.2605 -0.04504 4.650E+05 15.13 11.18 1.593 0.2484 0.2937 6.143
WP26-C2-S13 1314.77 0.1093 0.4214 5.263E+05 0.8719 4.508 0.7990 -0.06797 0.03833 4.650E+05 19.42 14.27 1.752 0.2205 0.06723 6.867
WP26-C2-S14 1314.77 0.4722 -0.6302 5.221E+05 -2.964 -44.04 0.7924 0.2415 -0.04038 4.650E+05 7.342 3.580 0.3222 0.2608 0.1115 7.633
WP26-C2-S15 1314.77 -0.02753 -0.3233 5.219E+05 2.260 -1.746 0.3218 -0.004045 0.01506 4.650E+05 18.65 14.30 2.530 0.09522 0.2194 7.428
WP26-C2-S8 1314.77 -0.02825 0.3398 5.416E+05 -1.285 4.804 0.4572 -0.1127 0.005493 4.650E+05 84.47 33.62 0.8920 0.2229 0.3078 8.061
WP26-C2-S9 1314.77 0.1583 -1.270 5.387E+05 -0.6993 -34.82 0.2954 -0.2957 -0.03702 4.650E+05 13.69 9.356 1.391 0.07810 0.3021 8.548
WP27-C1-S1 1182.57 0.03308 0.4752 5.409E+05 1.941 48.15 0.6880 0.5616 0.02555 4.650E+05 26.70 21.42 0.1369 0.2360 0.4494 10.60
WP27-C1-S2 1182.57 0.1882 0.06378 5.180E+05 -0.3985 29.46 0.4648 -0.04491 0.04118 4.650E+05 141.6 25.58 0.1094 -0.001566 0.2385 7.580
WP27-C1-S3 1182.57 0.1486 -0.006429 5.056E+05 -0.1661 -17.77 0.5052 -0.07358 0.05189 4.650E+05 37.80 10.59 3.365 0.4065 0.4100 14.03
WP27-C1-S4 1182.57 -0.03418 0.5401 4.908E+05 7.660 -48.83 1.008 -0.1224 0.02746 4.650E+05 87.37 27.37 0.7266 0.2094 0.6892 10.85
WP27-C2-S5 1182.57 -0.01567 0.04963 4.970E+05 0.6889 58.12 1.193 0.5655 -0.006592 4.650E+05 81.21 23.66 0.4256 4.104 0.3813 7.866
WP27-C2-S6 1182.57 0.9989 0.4648 4.932E+05 0.7753 21.95 0.6255 -0.09134 0.07715 4.650E+05 82.78 20.55 0.2002 0.1213 0.4493 7.199




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
WP27-C2-S8 1182.57 -0.01017 1.282 4.923E+05 -0.3907 -47.13 0.5035 0.2209 -0.03558 4.650E+05 46.92 13.95 0.5301 0.08300 0.1500 9.769
WP27-C3-S10 1182.57 0.1050 0.02283 5.071E+05 -0.7719 21.33 0.5714 -0.1150 -0.06061 4.650E+05 16.64 3.975 0.3804 0.1600 0.2784 8.542
WP27-C3-S11 1182.57 -0.02035 0.2222 5.224E+05 1.890 -72.82 0.4764 -0.01692 0.03415 4.650E+05 35.00 6.274 0.3374 0.1860 0.2764 10.33
WP28-C1-S1 1183.91 -0.1576 0.1840 5.206E+05 -0.1415 15.60 0.7251 0.1128 0.02835 4.650E+05 78.77 71.58 0.5175 0.1732 0.2780 11.45
WP28-C1-S2 1183.91 0.8487 6.706 5.055E+05 571.3 -0.0001742 0.8987 -0.3561 -0.0009286 4.650E+05 55.91 30.96 13.46 0.7361 0.5711 16.07
WP28-C1-S3 1183.91 -0.01924 0.1928 4.841E+05 -1.123 -21.57 0.4473 -0.3498 0.03019 4.650E+05 213.7 86.77 0.4022 0.1366 0.1788 12.06
WP28-C1-S5 1183.91 0.05336 -0.2097 5.257E+05 0.6496 -25.13 0.8316 -0.3561 0.02671 4.650E+05 32.26 14.57 0.08855 0.3499 0.7281 11.63
WP28-C1-S6 1183.91 -0.1732 0.3033 5.161E+05 -0.6651 -28.04 0.8328 -0.1715 0.005172 4.650E+05 71.05 9.917 0.2212 0.2510 0.7740 16.71
WP28-C1-S7 1183.91 0.4756 0.7912 4.956E+05 -0.9279 -8.985 0.6967 -0.03411 -0.01435 4.650E+05 71.08 10.59 0.8495 0.08244 0.4944 17.51
WP28-C2-S10 1183.91 -0.1457 0.05746 5.321E+05 0.6669 10.82 0.6147 -0.06402 -0.02521 4.650E+05 118.0 66.12 1.028 0.04148 0.2634 20.58
WP28-C2-S11 1183.91 -0.1523 0.1661 5.198E+05 -2.785 -3.770 0.3769 -0.1749 0.01796 4.650E+05 5.200 20.95 1.107 0.1714 0.5385 28.86
WP28-C2-S12 1183.91 -0.3642 0.2818 4.923E+05 0.5093 13.77 0.8793 0.2656 0.03259 4.650E+05 4.542 29.93 1.147 0.1491 0.4955 28.75
WP28-C2-S13 1183.91 0.1352 0.04103 5.152E+05 -0.2861 11.29 0.5579 0.05284 0.01737 4.650E+05 4.375 28.42 0.7760 0.2206 0.6581 32.08
WP28-C2-S14 1183.91 -0.1611 0.4071 5.053E+05 0.5420 -9.798 0.4722 -0.1242 -0.04764 4.650E+05 5.230 42.06 1.199 0.1759 0.3538 30.13
WP28-C2-S8 1183.91 -0.4730 0.04850 5.110E+05 0.3661 -3.037 0.6041 -0.4029 0.08382 4.650E+05 99.47 21.26 0.9729 0.1997 0.3369 9.882
WP28-C2-S9 1183.91 -0.4346 -0.5514 4.739E+05 1.417 43.32 0.6878 0.02330 0.0003166 4.650E+05 142.4 17.42 0.8594 0.1604 0.1738 6.943
WP30-C1-S1 2282.00 0.5019 -0.09922 5.123E+05 -0.1944 14.45 0.2759 0.02592 -0.02542 4.650E+05 92.46 36.99 0.1057 0.1106 0.3500 3.631
WP30-C1-S2 2282.00 0.08140 0.04272 5.267E+05 0.06385 -9.661 0.4409 -0.2507 -0.04395 4.650E+05 24.58 10.75 0.8989 0.1938 1.733 7.246
WP30-C1-S3 2282.00 -0.05079 0.02835 5.155E+05 0.7170 -9.686 0.4080 0.1264 0.06246 4.650E+05 217.9 36.34 0.3082 0.1664 0.08273 6.342
WP30-C1-S4 2282.00 0.04183 0.09541 4.909E+05 0.01644 -55.99 0.3585 0.2433 0.001464 4.650E+05 347.8 25.60 0.6751 0.04721 0.8392 19.58
WP30-C1-S5 2282.00 0.1421 -0.6188 5.216E+05 0.1432 30.88 0.5730 0.1719 -0.009225 4.650E+05 49.02 10.54 0.4106 0.1339 1.353 9.334
WP30-C2-S10 2282.00 0.08414 1.840 5.199E+05 -1.331 -30.85 0.4255 0.05731 -0.01795 4.650E+05 60.14 14.59 0.2029 2.000 1.559 9.240
WP30-C2-S7 2282.00 0.2006 -0.3330 5.344E+05 -0.4519 -1.571 0.4254 -0.2049 -0.01892 4.650E+05 275.9 20.20 0.1726 0.2612 0.9328 4.220
WP30-C2-S8 2282.00 0.2370 -0.1227 5.227E+05 -0.3305 -21.65 0.5110 -0.001455 -0.004270 4.650E+05 41.43 14.65 0.2304 0.1540 0.9525 5.967
WP30-C2-S9 2282.00 0.4000 0.7593 5.090E+05 1.794 -1.242 0.2964 0.1983 0.03367 4.650E+05 61.99 21.66 0.3312 0.2170 0.7270 4.889
WP30-C3-S12 2282.00 0.1709 -0.1627 4.991E+05 -0.5596 6.836 0.2985 -0.3816 0.06369 4.650E+05 82.41 12.73 0.5084 0.2168 1.030 8.598
WP30-C3-S13 2282.00 -0.1999 0.6511 4.873E+05 -0.4046 0.8993 0.6313 0.2646 0.04278 4.650E+05 70.79 33.46 0.4444 0.1473 0.3665 27.32
WP30-C3-S14 2282.00 9.241 1.147 5.109E+05 0.3440 24.39 0.5896 0.06892 0.4989 4.650E+05 1084 9.358 1.088 0.1862 0.5391 24.24
WP30-C3-S15 2282.00 7.644 0.4147 4.907E+05 0.2195 35.14 0.5943 -0.1043 0.1504 4.650E+05 31.80 30.33 0.5638 0.3645 0.7178 27.41
WP33-C1-S1 2078.05 0.4781 -0.1940 5.524E+05 1.022 14.07 0.4007 -0.05216 0.006116 4.650E+05 282.8 20.60 0.1375 0.2434 0.2691 4.469
WP33-C1-S10 2078.05 -0.09177 0.2818 5.231E+05 -0.3767 1.745 0.7226 0.2543 -0.06184 4.650E+05 169.2 35.96 0.1118 0.06862 1.018 5.449
WP33-C1-S11 2078.05 0.4309 0.1622 4.811E+05 -1.476 -32.50 0.2805 0.04187 0.03837 4.650E+05 181.2 38.01 0.08548 0.09807 0.5686 5.985
WP33-C1-S12 2078.05 -0.05869 0.3147 4.988E+05 -1.860 30.03 6.818 -0.2501 0.008426 4.650E+05 522.7 57.14 0.2382 0.2697 0.4357 7.005
WP33-C1-S2 2078.05 0.06594 0.2511 5.370E+05 -0.1009 -15.53 0.8100 0.1155 -0.002657 4.650E+05 125.2 27.95 0.2209 0.4585 0.1468 5.200
WP33-C1-S3 2078.05 0.1335 0.2523 5.369E+05 -0.5276 5.169 0.3823 -0.2405 -0.01756 4.650E+05 170.3 31.19 0.2675 0.1281 0.3728 4.953
WP33-C1-S4 2078.05 -0.2330 0.3153 5.108E+05 0.7646 5.253 0.6971 -0.1872 0.01328 4.650E+05 12.81 5.127 0.3327 0.2334 0.4109 5.716
WP33-C1-S5 2078.05 0.2439 0.2967 5.104E+05 0.8037 2.909 0.4944 -0.1172 -0.03667 4.650E+05 41.65 9.767 0.01562 0.2361 0.4198 6.952
WP33-C1-S7 2078.05 -0.2229 0.4151 5.208E+05 1.115 10.00 0.4778 0.3959 0.01015 4.650E+05 46.58 42.32 0.1804 0.1694 0.7534 9.710
WP33-C1-S8 2078.05 -0.1524 -0.4306 5.287E+05 -0.5929 -11.81 0.7112 -0.3394 -0.07141 4.650E+05 185.4 32.04 0.09451 0.07246 0.5004 5.056
WP33-C1-S9 2078.05 0.1980 0.1084 5.162E+05 -1.013 12.25 0.6574 -0.2375 0.09404 4.650E+05 110.1 27.59 0.1417 0.9269 0.9696 7.629
WP36-C1-S1 1404.01 0.06298 -0.1480 5.144E+05 -0.5052 -10.88 0.5074 0.1908 -0.04636 4.650E+05 198.0 131.3 0.1458 0.05989 0.4439 3.049
WP36-C1-S2 1404.01 -0.1232 -0.1541 5.029E+05 -0.5647 -17.59 0.9318 -0.3819 -0.002865 4.650E+05 110.4 65.06 0.1769 0.1498 0.2821 4.282




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
WP36-C1-S4 1404.01 0.04726 1.563 5.317E+05 0.2338 3.884 1.187 0.08085 0.06951 4.650E+05 48.76 24.12 0.4263 0.2452 0.4225 5.077
WP36-C1-S5 1404.01 -0.04647 -0.2363 5.167E+05 1.102 23.52 0.7482 0.08568 -0.01746 4.650E+05 72.99 42.61 0.3612 0.3398 0.2026 3.025
WP36-C1-S6 1404.01 -0.1347 -0.07055 5.053E+05 -2.434 0.2405 0.8730 -0.01429 0.09981 4.650E+05 241.5 68.31 1.196 0.04595 0.5288 4.439
WP36-C2-S10 1404.01 0.9306 836.9 2.704E+05 13.45 -19.07 0.6554 0.2167 0.5370 4.650E+05 4.250 3.378 30.99 6.254 1.423 5.777
WP36-C2-S11 1404.01 3.209 1389 2.247E+05 75.14 42.00 0.9938 0.5431 1.351 4.650E+05 45.36 17.13 26.02 6.870 1.060 2.330
WP36-C2-S12 1404.01 0.2560 3.412 5.144E+05 -0.6208 7.289 0.7706 -0.1143 0.04088 4.650E+05 28.34 12.38 0.4620 0.2187 0.04483 4.112
WP36-C2-S7 1404.01 0.0006485 -0.3086 5.212E+05 -3.058 11.09 1.051 0.2835 -0.05867 4.650E+05 27.28 23.59 0.1879 0.2492 -0.005361 3.289
WP36-C2-S8 1404.01 -0.1662 0.1594 4.969E+05 0.3314 9.359 0.6290 -0.09974 -0.07668 4.650E+05 47.72 32.09 0.1881 0.1431 0.4714 6.362
WP36-C2-S9 1404.01 0.3094 0.3497 4.840E+05 -0.2779 -15.09 0.7918 -0.1177 -0.01816 4.650E+05 61.12 27.34 0.1705 0.2547 0.3446 5.033
WP40-C1-S1 1139.14 -0.2379 -0.06536 5.132E+05 0.6540 9.996 0.6685 -0.1496 -0.03138 4.650E+05 4.503 26.62 0.2392 0.04248 0.4360 3.042
WP40-C1-S10 1139.14 0.3485 0.4614 4.981E+05 -0.4930 -17.40 0.2505 0.3738 -0.03129 4.650E+05 73.57 41.96 0.003162 0.2268 2.276 26.63
WP40-C1-S11 1139.14 0.02525 0.5563 5.090E+05 -0.6031 -33.20 0.8098 0.2160 0.07462 4.650E+05 102.7 69.76 0.3490 0.1723 2.277 16.64
WP40-C1-S12 1139.14 0.1056 -0.5780 5.063E+05 -0.07260 -17.53 0.4789 0.1934 0.01050 4.650E+05 1.957 2.252 0.1159 0.3083 0.9982 3.280
WP40-C1-S13 1139.14 0.5418 -0.5961 5.088E+05 2.840 -20.96 0.5703 0.06531 -0.04076 4.650E+05 3.282 4.942 0.8368 0.04255 2.039 3.116
WP40-C1-S14 1139.14 0.1235 1.221 5.107E+05 2.241 11.82 0.06698 0.2731 -0.03993 4.650E+05 60.09 52.65 0.05873 0.2699 1.112 6.010
WP40-C1-S15 1139.14 -0.4593 -0.5850 5.017E+05 1.006 -5.093 0.3128 0.2282 -0.06538 4.650E+05 2.706 11.20 0.2744 0.1783 1.079 3.084
WP40-C1-S2 1139.14 0.1836 0.3145 5.336E+05 0.4304 20.53 0.6434 0.1734 -0.03017 4.650E+05 9.742 5.866 0.07620 0.3844 1.598 3.135
WP40-C1-S3 1139.14 0.7312 0.2625 5.284E+05 2.227 29.32 0.6896 -0.2280 -0.04841 4.650E+05 92.14 99.03 0.3485 0.1542 5.343 11.60
WP40-C1-S4 1139.14 0.06979 -0.2800 5.325E+05 1.413 14.35 0.3921 0.2711 -0.04502 4.650E+05 97.90 110.5 -0.008774 0.1466 0.3406 3.557
WP40-C1-S5 1139.14 0.6631 -1.057 4.999E+05 3.370 82.66 0.6843 0.07805 0.004267 4.650E+05 83.85 40.97 0.3132 0.1577 2.415 14.55
WP40-C1-S6 1139.14 -0.06313 1.376 4.978E+05 -3.183 -13.31 0.6829 -0.1069 -0.01973 4.650E+05 17.93 10.26 0.1395 0.1923 2.741 38.66
WP40-C1-S7 1139.14 0.3388 -0.1200 5.065E+05 1.342 26.72 0.3956 0.07044 0.02402 4.650E+05 39.35 35.63 0.6673 0.4632 4.555 12.58
WP40-C1-S8 1139.14 -0.09591 0.09363 5.104E+05 -1.528 -12.37 0.4505 0.2949 0.03245 4.650E+05 68.92 54.87 0.5654 0.2146 4.872 12.81
WP40-C1-S9 1139.14 0.4854 -0.08946 5.197E+05 0.8685 9.761 0.3110 -0.2221 0.01136 4.650E+05 15.88 6.439 0.2833 0.1697 2.597 37.70
WP44-C1-S2 622.10 -0.05943 -0.2340 5.310E+05 1.637 -23.07 1.066 0.09146 -0.02774 4.650E+05 14.77 6.143 0.4080 0.1425 0.5098 5.378
WP44-C1-S3 622.10 0.2078 -0.2018 5.449E+05 0.2063 15.69 0.4192 -0.1164 0.07239 4.650E+05 82.59 97.32 0.1179 0.1413 0.3871 12.46
WP44-C1-S4 622.10 -0.4398 0.2345 5.346E+05 -0.6932 -6.367 0.3528 0.5720 0.01333 4.650E+05 22.77 20.27 0.1306 0.2201 0.1582 8.751
WP44-C1-S5 622.10 0.4890 0.3215 5.298E+05 0.3845 32.27 0.5213 -0.1207 -0.06621 4.650E+05 186.4 29.10 0.1518 0.4206 0.4796 9.197
WP44-C2-S6 622.10 0.4419 -1.112 5.382E+05 0.6785 22.12 0.4883 0.1507 0.002905 4.650E+05 130.3 33.69 0.09443 0.1755 0.2351 8.343
WP44-C2-S7 622.10 -0.9175 -0.06895 5.009E+05 -1.152 -0.0003195 0.7546 -0.07009 -0.02920 4.650E+05 153.2 50.69 0.3154 -0.09656 0.4197 6.449
WP44-C3-S13 622.10 -0.2401 0.4303 5.295E+05 -0.4956 -116.6 0.5189 0.1781 0.02446 4.650E+05 92.80 39.40 0.1170 0.2520 0.2150 8.094
WP44-C3-S14 622.10 -0.3412 1.841 5.220E+05 0.1316 8.211 0.4835 0.2941 -0.03143 4.650E+05 90.55 26.57 0.2030 0.1217 0.3801 5.774
WP44-C3-S15 622.10 -0.2935 1.621 5.337E+05 -2.062 -20.54 0.1506 -0.2094 -0.01358 4.650E+05 111.4 111.1 0.1670 0.2528 0.3412 8.932
WP52-C1-S1 785.45 1.030 -0.3725 5.054E+05 6.158 -65.35 0.02505 1.242 0.0005249 4.650E+05 22.68 22.00 1.590 0.2947 -0.1270 8.189
WP52-C1-S2 785.45 -0.8514 -0.007327 5.192E+05 -1.432 -18.32 0.8078 -0.1191 0.04853 4.650E+05 13.92 12.67 1.364 0.2307 0.1390 8.739
WP52-C1-S3 785.45 0.3983 0.5911 5.005E+05 -1.557 -10.34 0.8137 -0.02149 -0.06424 4.650E+05 32.61 22.80 1.651 0.1823 0.08528 7.335
WP52-C1-S4 785.45 0.1458 -0.08228 4.959E+05 -0.5797 27.90 0.2846 -0.01306 0.03969 4.650E+05 26.08 21.33 1.426 0.02761 0.2286 7.838
WP52-C1-S5 785.45 0.4758 -0.5070 5.090E+05 18.98 5.209 0.5833 -0.1481 0.09701 4.650E+05 21.15 12.92 1.102 0.1664 0.08258 7.613
WP52-C2-S10 785.45 0.5284 -0.4806 5.214E+05 7.671 -83.93 0.3180 0.07931 0.07016 4.650E+05 120.4 46.83 0.4924 0.2603 0.3533 7.035
WP52-C2-S6 785.45 0.02786 0.4643 5.198E+05 2.242 -36.56 0.1095 0.2599 0.07024 4.650E+05 14.66 14.82 0.8668 0.2696 0.1453 8.879
WP52-C2-S7 785.45 -0.4456 0.2665 4.967E+05 -0.4221 19.98 0.4524 -0.09636 0.008167 4.650E+05 18.84 28.30 1.716 0.1947 0.03317 8.053
WP52-C2-S8 785.45 -0.04506 0.2590 5.217E+05 1.233 -20.99 0.5685 0.2443 -0.01196 4.650E+05 11.78 19.99 1.770 0.4041 0.4085 11.99




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
WP52-C3-S11 785.45 0.01339 0.8154 5.342E+05 0.8005 -23.19 0.1025 0.07928 -0.03529 4.650E+05 7.904 10.35 0.3132 0.2244 0.2536 7.277
WP52-C3-S12 785.45 1.126 -0.1070 5.958E+05 -1.715 3.567 0.6721 0.04103 -0.05871 4.650E+05 13.87 13.27 0.5078 1.795 0.2237 12.22
WP52-C3-S13 785.45 1.165 0.5474 5.235E+05 -0.1553 -9.565 0.4900 0.3248 0.04968 4.650E+05 28.95 32.20 0.6736 0.1780 0.2776 7.296
WP52-C3-S14 785.45 0.3153 -0.8812 5.262E+05 1.446 -40.02 0.4565 0.01003 -0.03251 4.650E+05 12.73 15.98 0.6408 0.2635 0.2560 6.726
WP52-C3-S15 785.45 0.008840 0.7749 5.225E+05 1.270 26.05 0.2556 -0.2222 -0.01090 4.650E+05 10.58 12.01 0.7556 0.2696 0.2801 8.539
WP54-C1-S1 432.59 0.5943 0.6236 5.244E+05 -0.5432 98.50 0.1303 0.4879 -0.03539 4.650E+05 225.4 19.23 0.9037 0.5663 0.1214 12.48
WP54-C1-S2 432.59 0.2345 -1.431 5.455E+05 -2.924 55.36 0.3584 -0.1316 0.002973 4.650E+05 91.66 29.18 1.539 0.1978 -0.06472 15.63
WP54-C1-S3 432.59 0.1570 0.1874 5.056E+05 -0.3942 -31.01 0.9182 0.4674 0.02554 4.650E+05 42.73 18.01 1.209 0.1892 0.001405 12.84
WP54-C1-S4 432.59 0.3142 -0.3634 5.200E+05 -2.673 41.53 0.2697 0.3637 -0.06669 4.650E+05 95.71 49.68 1.661 0.2002 0.1004 14.00
WP54-C1-S5 432.59 -0.007643 -0.2356 5.074E+05 1.254 -7.027 0.5831 0.1864 -0.06351 4.650E+05 109.8 18.01 1.139 0.2731 0.2352 13.70
WP54-C1-S6 432.59 0.3854 0.4571 4.963E+05 3.564 4.405 1.028 0.3220 -0.01911 4.650E+05 335.1 30.45 0.6619 0.1385 0.1830 11.65
WP54-C2-S10 432.59 -0.09821 -0.2585 5.160E+05 0.2678 -5.913 0.5554 -0.05424 -0.08967 4.650E+05 213.9 78.91 1.221 0.08451 0.1659 10.91
WP54-C2-S11 432.59 0.3242 0.7940 5.121E+05 -0.5821 1.650 0.3197 -0.2731 -0.008947 4.650E+05 175.5 49.34 0.5674 0.1142 0.1627 8.918
WP54-C2-S12 432.59 -0.007828 0.3821 5.034E+05 -2.221 -6.827 0.7366 0.1351 0.01189 4.650E+05 198.7 71.16 0.6275 0.09752 0.1573 10.64
WP54-C2-S13 432.59 -0.1271 2.042 4.973E+05 1.435 -2.503 1.178 -0.5205 0.5337 4.650E+05 175.6 60.44 1.324 0.1607 -0.2787 7.371
WP54-C2-S14 432.59 0.4847 0.1913 5.242E+05 -0.6960 -3.151 0.7979 0.1924 0.07654 4.650E+05 193.6 72.56 0.9641 0.09600 -0.01120 7.952
WP54-C2-S15 432.59 -0.3102 -0.5701 5.208E+05 -2.615 60.97 0.3875 0.3348 0.06467 4.650E+05 80.03 42.62 2.015 0.2515 0.1546 10.19
WP54-C2-S8 432.59 1.311 -0.4428 4.999E+05 -2.533 1.104 0.3908 0.4240 0.07556 4.650E+05 55.77 36.61 0.6576 0.1177 -0.003433 10.04
WP54-C2-S9 432.59 0.04006 -0.2011 5.273E+05 0.1116 24.58 0.5503 0.3193 -0.01645 4.650E+05 158.1 37.40 0.7097 0.2821 0.1794 7.791
WP63-C1-S1 0.00 0.1502 0.2258 5.167E+05 0.3954 -11.97 0.6258 0.2704 -0.01815 4.650E+05 23.85 14.83 1.589 1.031 0.8427 13.95
WP63-C1-S10 0.00 1.938 -0.2299 5.196E+05 -1.624 26.07 0.4468 -0.1394 0.02616 4.650E+05 7.178 8.774 3.202 0.1637 0.07208 23.54
WP63-C1-S11 0.00 -0.05692 -0.1682 5.019E+05 -0.6106 -13.83 0.8540 0.4564 -0.03124 4.650E+05 3.830 3.405 0.5689 0.1792 0.4832 12.87
WP63-C1-S12 0.00 0.08488 -0.07356 5.069E+05 -1.633 -23.29 0.7021 0.3456 -0.04998 4.650E+05 7.600 5.681 0.8089 0.2080 0.1025 13.77
WP63-C1-S13 0.00 -0.06373 0.8180 5.082E+05 0.1287 -1.547 0.5417 0.1690 -0.04435 4.650E+05 17.44 12.91 1.892 0.4804 0.3562 15.50
WP63-C1-S14 0.00 -0.09554 0.1063 5.073E+05 -1.854 8.777 0.6041 -0.2952 0.04776 4.650E+05 4.559 5.318 0.8612 2.122 0.2919 13.70
WP63-C1-S2 0.00 0.04420 -0.6246 5.249E+05 0.8060 43.25 0.8183 -0.002038 -0.01268 4.650E+05 3.321 3.411 2.744 0.9268 0.04503 21.99
WP63-C1-S3 0.00 -0.1077 0.2225 5.369E+05 -0.1822 59.69 0.3319 0.4483 -0.05986 4.650E+05 9.164 6.446 2.235 0.1288 -0.06796 24.57
WP63-C1-S4 0.00 0.07082 0.1475 5.339E+05 0.3176 26.49 0.6427 0.2295 -0.04946 4.650E+05 13.50 3.438 0.4273 -0.01684 0.1631 10.58
WP63-C1-S5 0.00 61.85 584.1 6.671E+05 358.8 -16.67 13.04 0.4063 0.9888 4.650E+05 3.936 1.931 34.14 5.385 40.95 44.10
WP63-C1-S6 0.00 0.1718 0.04993 5.113E+05 1.034 25.56 0.5472 0.4477 -0.008671 4.650E+05 4.639 2.438 0.8436 0.1202 0.1094 17.55
WP63-C1-S7 0.00 -0.02360 0.07608 5.044E+05 0.4814 -8.955 0.5105 -0.2580 -0.04332 4.650E+05 15.00 11.23 1.476 0.4407 0.1058 18.36
WP63-C1-S8 0.00 -0.1969 -0.2382 5.233E+05 -0.5644 17.13 0.9639 -0.1542 0.07203 4.650E+05 5.855 2.484 0.6372 0.6164 -0.1037 12.66




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.0001163 0.01931 -0.005841 0.008212 0.08625 0.02631 0.09706 0.01253 0.0004278 -0.003976 -0.0002033 0.0002927 -0.00004139
0.009403 5.713 4.166 14.83 0.09727 0.06453 0.1710 13.01 0.3307 0.0008590 0.0003108 0.9233 0.0002580
0.001116 -0.001944 0.0007614 0.03519 0.1182 -0.01429 0.09895 0.0009500 0.0004243 -0.0005453 0.0002624 0.001127 0.001771
0.01275 -0.02371 -0.007617 0.02013 0.1145 -0.01193 0.02362 0.01055 0.003531 0.0008500 0.0005351 0.001246 -0.0004575
0.003976 0.01759 -0.005405 -0.02334 0.1160 0.02094 0.1439 -0.009540 -0.0008452 0.002511 -0.0001537 0.002725 0.003844
995.5 0.03937 0.1020 0.04728 8.705 0.1026 0.2175 0.008319 3.263 28.34 24.41 125.3 0.004701
0.002914 0.2741 0.8813 3.852 0.1670 0.02946 1.491 78.78 0.04447 -0.0006472 -0.0001732 0.2192 -0.0001034
0.003100 0.001633 -0.004434 -0.003194 0.09973 0.02396 0.1173 0.01333 -0.002359 0.0007543 0.0005254 -0.001227 0.002874
0.002666 -0.02533 0.02456 -0.03746 0.09100 -0.009959 0.2605 0.03496 -0.008585 0.005738 -0.001640 0.007922 -0.0001478
0.001221 0.03708 0.01316 0.04465 0.1182 0.01970 0.05730 0.01974 0.009093 -0.001997 0.001524 0.003624 -0.001607
69.71 -0.003741 0.02613 0.01638 0.1220 0.02595 0.2336 0.0003373 0.02765 1.442 -0.0001817 0.002627 -0.004827
7807 -0.01463 0.1491 0.01866 0.1227 -0.007000 1.174 0.0006834 0.7670 159.0 0.006071 0.02752 0.01767
-0.001592 -0.009308 -0.006374 -0.02473 0.1008 -0.01223 0.1602 -0.01018 0.0007101 -0.007597 -0.0009369 0.006692 0.004571
0.006366 -0.008603 0.007508 0.04440 0.08824 -0.006834 0.06643 -0.004381 0.000 0.002650 -0.0004174 0.000 0.003404
0.003209 0.006573 -0.01296 -0.05456 0.09928 0.02500 0.6760 0.005156 0.01683 -0.002813 0.0001079 -0.0009840 0.007770
0.001519 -0.01784 0.003464 -0.0009842 0.08007 -0.002196 3.954 0.007105 -0.006872 0.002246 0.00005880 0.004184 -0.0009197
0.004418 0.7798 0.01812 -0.002286 0.1014 -0.005443 0.1154 -0.007155 0.008901 0.0009490 -0.0004116 -0.001540 0.00002654
0.006115 0.009076 0.008191 -0.02273 0.1008 0.03096 0.05512 0.007286 -0.005255 0.002912 -0.00007700 -0.005795 -0.002409
0.0003930 0.006121 0.01062 -0.04894 0.08783 0.01180 0.1515 0.3957 0.009249 0.002201 0.001104 0.001833 0.002022
0.0008681 -0.01965 0.007888 -0.01068 0.09560 0.03287 0.04888 0.002860 -0.006469 0.0009005 0.00002925 0.0006746 -0.004967
0.004514 0.01861 0.01745 -0.03842 0.06686 0.04092 0.04575 0.01546 0.001849 0.0002669 0.0009127 -0.001474 -0.0008638
0.002399 0.1708 0.01013 -0.07778 0.07255 0.01140 1.568 0.003282 -0.0005218 -0.01692 -0.002011 0.009278 0.003590
0.001632 0.00006158 0.01436 0.02028 0.07990 -0.04824 0.06442 -0.001421 0.009467 0.006042 -0.001188 -0.004346 -0.003139
-0.0006636 0.005153 0.0007315 0.002396 0.1060 -0.004718 0.03165 0.0009071 -0.01444 -0.004677 -0.001037 -0.009318 -0.002835
0.003183 0.01053 0.007852 0.004226 0.06749 0.02304 0.07185 0.01633 -0.004114 -0.007472 0.0003846 0.003743 0.002726
0.003873 -0.001168 0.03106 0.007823 0.08963 0.01845 0.1448 0.8416 0.001503 0.0004835 0.001437 0.002634 0.005114
0.003963 -0.01137 -0.002083 -0.009644 0.09148 0.02285 0.07390 0.009899 0.003346 0.003872 -0.001699 -0.01292 0.006450
0.003297 0.006658 0.01090 0.01969 0.08033 0.06784 0.1631 0.06032 0.004909 -0.001819 0.0008122 -0.0009214 0.002189
-0.0006637 -0.007007 0.04129 0.02202 0.1165 0.03924 0.3379 0.08073 0.0004331 0.0002957 0.0005097 -0.002525 -0.003854
0.001027 0.01051 0.002252 -0.01816 0.1090 0.03161 0.1334 -0.008800 -0.01257 -0.0003657 0.0007574 0.0004135 0.0008720
-0.0006971 0.004072 0.05424 -0.01299 0.08530 0.005503 0.2909 -0.005007 0.001181 0.002247 0.0009424 0.006369 0.003558
-0.004299 0.0006724 0.005269 0.02877 0.1076 -0.002005 0.09701 0.003267 -0.002998 0.0001023 -0.0003987 0.002853 0.0008918
-0.004553 -0.008374 0.09355 -0.006064 0.07135 0.004943 -0.06678 0.02610 -0.008411 -0.0008924 -0.0008057 0.0003945 0.003980
0.004628 0.01700 0.1173 -0.02808 0.1329 0.06234 0.6518 1.772 0.000 -0.002534 -0.001521 0.009393 0.001289
-0.0004653 0.007570 0.09290 -0.03561 0.1196 0.04748 0.1591 -0.02240 0.005621 0.0003190 0.0008048 0.003663 0.0008521
-0.001509 0.004535 0.02558 -0.05333 0.1141 0.04016 0.6572 -0.01640 0.003460 -0.005770 -0.0002153 0.008232 0.0008842
-0.003482 0.005959 0.06307 0.06799 0.1290 0.03281 0.5931 -0.002309 -0.002863 -0.002107 0.0002877 -0.001433 -0.005956
-0.001676 0.007696 -0.0006377 0.01977 0.1030 0.05928 0.4972 0.005644 0.007110 0.003226 -0.0002209 -0.005213 0.002362
0.005976 0.01132 0.03371 -0.03471 0.07836 0.003718 0.1164 0.01367 0.005748 -0.001340 -0.0006499 0.001178 0.008514
-0.004394 0.01673 -0.001745 0.04522 0.1007 0.04041 0.07861 -0.01000 0.006074 -0.002093 0.002393 0.0001118 -0.002236
0.003734 -0.007444 0.05968 0.01338 0.1229 -0.0005329 0.1816 0.002921 -0.001274 -0.003610 0.0007421 -0.005918 0.001817
0.005016 -0.0008562 0.006973 -0.008198 0.1050 -0.03009 0.1299 0.0007050 -0.006278 0.003387 -0.001125 0.004318 -0.001673
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.01296 -0.005360 -0.01757 0.02279 0.1088 0.03422 0.1475 0.02341 0.02548 -0.001656 -0.001562 0.01768 -0.01425
0.0007926 -0.003640 0.01349 0.01242 0.09356 0.02072 -0.0007412 -0.01496 0.006637 0.001534 -0.0005320 -0.009988 -0.0008712
-0.001324 0.006194 -0.005198 0.01917 0.06544 0.06519 1.116 -0.003859 -0.005202 -0.001022 0.0005202 0.001471 -0.002822
-0.0003406 0.005359 0.01204 0.04223 0.06386 0.01642 0.03703 0.004712 0.009607 -0.00003858 -0.001798 -0.003817 0.001617
-0.001572 0.01655 0.1820 -0.03818 0.07623 -0.01131 0.07302 0.4074 0.004043 -0.003640 -0.001125 0.008427 -0.005344
0.003011 0.01248 0.01034 0.04592 0.07126 -0.003384 0.01335 0.01754 0.002440 0.001125 -0.001508 -0.005460 -0.002209
0.001096 0.007300 0.003767 0.003499 0.06776 0.06335 0.1611 0.01762 -0.001474 -0.0006797 0.0002989 -0.004324 -0.007491
-0.001294 -0.004598 0.009012 0.01162 0.07339 0.02073 0.09270 -0.01563 0.004740 -0.001746 0.00008271 -0.006225 -0.0004717
-0.0004533 -0.0006575 0.01163 -0.01678 0.06547 -0.02809 -0.03738 0.005183 -0.005248 -0.002998 0.0009287 -0.002839 0.001270
0.006367 0.01346 0.03791 -0.04201 0.08617 0.02477 0.05346 -0.002200 0.01089 0.003347 0.001058 0.01531 -0.004049
0.003070 0.01131 0.005742 0.01596 0.1299 -0.05263 0.1504 0.04109 -0.0002707 0.004239 0.0004334 -0.004880 0.005746
0.0009506 0.005530 0.0002451 0.04447 0.1146 0.002303 0.05014 0.02034 0.0006370 0.001596 0.0002677 0.01147 -0.001266
0.004272 0.002171 -0.0001651 -0.002751 0.1086 0.02513 0.08672 0.01399 0.001731 0.003614 -0.0001936 0.0005530 0.002012
0.002945 0.007956 0.01554 0.000 0.08230 -0.006408 0.2013 0.1313 -0.02272 0.000 0.0004128 0.01048 -0.005452
-0.002638 0.001000 -0.007067 -0.05253 0.09225 0.01561 0.05687 0.01077 -0.007619 -0.004668 0.001786 0.003819 0.0008782
0.001842 0.5300 0.2065 0.07628 0.06303 0.08256 0.05185 0.1225 -0.005427 -0.001245 0.0005117 0.03607 -0.002070
-0.007482 0.05591 0.01140 0.04969 0.1188 0.01287 0.3814 0.01408 -0.004013 -0.003380 -0.001619 0.004125 0.004268
0.001675 0.3202 0.02927 0.02594 0.08321 0.05862 0.1560 0.1392 -0.0008320 0.002007 0.0003427 0.007884 -0.005447
0.003408 0.5131 0.1631 -0.004736 0.08319 0.02603 0.1419 0.1845 -0.002697 -0.001602 -0.0001158 0.02247 -0.0002167
-0.004127 0.01114 0.002011 0.003883 0.09118 0.07241 -0.03017 -0.001999 0.007647 -0.002354 -0.0001922 -0.003023 -0.002759
-0.003764 -0.005118 0.007924 0.02152 0.1004 0.004060 0.05005 0.0006172 -0.001369 -0.001968 0.0005140 0.001753 0.002586
-0.0006312 -0.0007428 -0.0008379 0.03118 0.1066 0.004866 0.04282 0.000 -0.001391 0.002918 0.00006024 0.005305 -0.001268
0.005010 0.01544 0.1409 0.02092 0.08886 0.01468 0.02220 0.01440 0.0003991 0.00009099 0.0008833 -0.0009582 0.001036
0.02069 -0.005912 0.002404 0.03388 0.2001 0.009608 0.05885 6.828 0.005959 -0.003424 0.001420 0.5250 0.002786
-0.001183 0.005410 0.002490 0.03203 0.1095 0.05590 0.04393 -0.001825 0.001643 -0.006246 -0.001535 0.0005960 0.0007303
0.006627 -0.007477 0.01008 -0.02469 0.1005 0.004071 -0.002209 -0.001966 0.001771 -0.0003849 0.0008316 -0.001706 0.004848
0.001827 -0.002237 -0.003435 -0.007174 0.09180 0.04004 0.09351 0.008041 -0.006169 0.001556 0.00009643 -0.004130 -0.006987
0.08406 -0.004385 0.004865 0.006152 0.1483 0.03540 0.08307 0.4794 0.003740 0.001348 0.01824 1.930 -0.0008181
0.002895 0.007012 -0.006739 0.005621 0.06109 0.03042 0.03109 -0.008438 0.01464 -0.0004560 0.001329 0.0007414 -0.002815
0.007856 0.1624 0.1268 -0.01930 0.09917 0.01179 0.01576 0.003839 -0.00006390 0.001335 0.0004046 0.1123 -0.0001382
0.04882 15.68 3.633 0.06258 0.2290 0.3240 0.4489 5.598 0.1449 0.001613 0.0008112 0.1652 0.002986
0.007772 0.07863 0.4375 -0.007869 0.1326 0.04910 2.549 0.01993 0.004845 0.002198 -0.0001212 0.07979 -0.0001425
3.536 40.35 6.462 0.04535 2.656 0.7717 2.399 12.59 0.1733 0.06608 0.06278 4.374 0.0003246
0.004722 0.01407 0.01609 -0.04808 0.09209 0.04457 0.03696 -0.003860 -0.009303 0.001799 -0.001379 0.001128 0.0002470
0.002834 0.009275 -0.005414 -0.02388 0.1055 0.006092 0.08937 -0.006614 0.002007 -0.005264 -0.0008603 0.003543 0.004984
-0.002381 0.007036 0.01075 0.01603 0.1025 -0.01974 0.04490 -0.005731 0.00008484 -0.0002716 0.001411 -0.006883 -0.009049
0.0008670 0.01275 0.008776 0.05111 0.1263 0.01777 0.03480 0.008693 0.01158 -0.001612 0.001584 -0.003112 -0.0001366
0.000 -0.008634 0.001521 0.1410 0.1278 0.05887 -0.05066 -0.006220 -0.004142 -0.01137 -0.0009462 0.01374 0.005231
-0.005308 0.002915 -0.0002138 0.01828 0.1197 0.04914 0.1181 0.0007152 0.003889 -0.003014 -0.0006890 -0.004672 -0.001943
0.0003630 0.005730 0.004397 -0.06425 0.09109 0.04648 -0.1077 0.008215 0.002203 0.0001042 -0.0006264 0.001243 -0.0009176
-0.001432 -0.01473 0.0008307 0.002693 0.1020 0.008417 -0.02118 -0.01346 -0.001019 -0.001999 0.00006321 -0.008479 0.005286
-0.002330 0.004095 -0.008516 -0.03538 0.09520 -0.006309 -0.03122 0.005662 0.001999 -0.0004926 -0.0008901 0.003742 -0.003350




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
-0.001153 0.002032 0.007418 -0.01430 0.4662 0.02834 3.337 0.3318 0.001715 0.0003734 -0.0003222 0.01531 -0.001286
0.0002378 -0.001649 0.001995 -0.03295 0.4628 0.02833 1.530 0.1410 0.005663 -0.0003780 0.0003206 -0.0001829 -0.0005950
0.001739 0.01251 -0.001270 -0.005527 0.3646 0.01186 1.295 0.01025 -0.002335 -0.002420 0.0004366 -0.0009749 0.004635
-0.001910 -0.001095 0.004629 -0.01695 0.4226 0.03198 1.023 0.01663 -0.0002749 -0.0002499 0.001809 -0.001760 0.003939
-0.00009375 -0.0001773 0.001226 -0.008332 0.4107 0.01062 0.1050 0.01976 -0.005572 0.001185 0.0007883 0.006529 0.001483
0.01150 -0.006145 0.1119 0.02003 0.4071 -0.009763 0.2383 0.3279 -0.002682 -0.001218 0.001728 0.005745 0.001651
0.002823 0.007835 0.02097 0.02197 0.4516 0.05728 0.3469 0.04321 0.002611 0.002397 0.0003812 -0.0001127 -0.0008758
-0.004296 0.008244 0.01484 -0.01795 0.03546 0.0006630 0.4020 0.02307 -0.01424 -0.0008741 -0.002005 0.001174 -0.006543
0.002499 0.005610 18.69 0.8842 0.07505 0.01821 2.188 0.3291 0.004000 0.008642 -0.002822 -0.01494 -0.009178
0.003471 0.01275 0.001331 0.01893 0.002632 0.02280 0.2478 -0.007858 0.01209 -0.003841 0.003663 -0.01971 -0.002771
-0.004206 -0.003158 -0.005183 0.05161 0.05373 -0.01661 0.1090 -0.002751 -0.01577 0.001583 0.0005675 -0.01148 -0.002904
0.0004214 -0.001862 -0.001061 0.02822 0.02996 0.002972 0.7811 0.01137 0.03260 -0.002560 0.0005347 -0.003620 -0.0003234
-0.005646 -0.01032 -0.006514 -0.0007252 0.04047 -0.002357 0.2745 -0.03930 -0.02023 0.002941 0.001604 0.003895 0.002102
-0.007598 0.01372 -0.001283 0.05646 0.06018 0.004484 0.1745 0.02913 -0.008880 0.009198 0.002055 0.005743 0.01260
-0.002867 -0.02405 0.001616 -0.01033 0.06951 -0.01470 0.2617 0.02427 0.007325 0.007882 0.001571 0.004919 0.01699
0.01161 -0.003358 -0.02521 -0.005098 0.03899 0.0003115 0.4072 -0.01189 0.0008347 -0.01048 0.0006614 0.008567 0.0001665
-0.001370 -0.01743 -0.007620 -0.03311 0.04925 0.01554 1.092 0.06096 -0.003767 -0.006586 0.001039 -0.01044 -0.004945
0.01039 0.008960 -0.01034 -0.003026 0.04430 -0.01138 0.09398 -0.003690 -0.002891 0.0005998 -0.004416 0.002872 -0.005124
0.007341 0.004019 -0.006294 0.06679 0.02981 -0.001855 0.07878 -0.002951 -0.006981 0.006333 0.001294 0.006025 -0.003156
0.002102 0.004828 -0.0006708 -0.1257 0.04245 -0.01666 0.07847 -0.008547 0.01677 0.003402 -0.003853 -0.02465 -0.005375
0.008214 -0.01206 0.003020 0.01356 0.02448 -0.02001 0.07893 -0.02935 0.04120 -0.002322 0.001050 0.01579 0.0001698
-0.001232 -0.01575 -0.02023 -0.04347 0.02774 -0.01537 0.2364 0.03570 -0.02074 -0.008227 -0.005590 -0.001926 0.01237
0.002254 0.008624 0.01568 0.02453 0.1411 0.4659 0.7896 0.007615 0.005159 -0.002099 0.0004587 -0.002180 -0.005359
0.0002233 -0.02527 0.01190 -0.05917 0.1466 0.4571 0.4900 21.29 0.0004606 0.003329 0.00006734 -0.004092 0.002803
0.01260 0.00005160 0.009134 -0.02498 0.1759 0.4103 0.1140 -0.008050 0.009505 0.006343 -0.001439 -0.003124 -0.0009468
0.0004322 0.008337 -0.003192 0.01139 0.1950 0.4850 0.1325 0.002851 0.008972 -0.007650 -0.0006188 -0.007127 -0.002737
0.3637 0.01357 0.006118 -0.02823 0.1677 0.3953 0.02331 15.13 -0.002530 0.007133 0.0003489 -0.001932 0.002187
0.007116 0.01712 0.01149 -0.001022 0.1872 0.4023 0.1035 0.01344 0.0004615 0.0004215 -0.001128 0.005254 0.001677
-0.002930 0.007567 0.006614 0.03595 0.1942 0.6008 0.02859 -0.01191 -0.01116 -0.0006059 0.001088 -0.006122 -0.001851
-0.001087 0.3728 0.2723 0.07797 0.1756 0.2138 0.06116 68.55 -0.001111 -0.003761 -0.0003557 0.005824 -0.003528
-0.003955 1.226 0.4260 0.4230 0.1587 0.2579 0.09721 284.3 -0.003848 0.0008494 -0.0007553 0.01459 -0.00009820
-0.002622 -0.01253 -0.003938 0.000 0.1353 0.2584 0.1008 -0.007953 0.008027 0.000 -0.001577 -0.001290 0.000
0.7014 0.005247 0.005402 -0.03157 0.1465 0.2905 0.01103 -0.008778 0.008485 0.06843 -0.0004352 0.004004 0.002459
0.2715 0.01584 0.0008319 0.04220 0.1936 0.3636 0.06955 0.0009454 0.0006354 0.008838 -0.0003542 -0.007017 -0.003829
0.4785 -0.01075 0.05059 0.008869 0.1716 0.2543 1.453 0.02025 0.001645 -0.004030 0.0001214 0.009093 0.003700
0.006024 0.008313 -0.003839 0.03034 0.1415 0.3448 0.2047 0.006366 0.006441 0.004363 0.0006307 -0.002119 0.001263
0.001568 0.01088 0.002086 -0.03894 0.1466 0.3277 1.278 -0.003208 0.002023 -0.003282 -0.0003487 0.001848 0.005673
0.006879 0.02428 0.002960 0.04446 0.05321 -0.007938 -0.05407 0.01681 0.001427 0.003244 0.003766 -0.004145 0.005400
-0.004993 -0.01307 -0.005099 0.04010 0.06291 0.007158 0.1012 -0.03407 0.001126 0.005911 -0.001390 -0.006930 0.006514
0.002810 0.005069 0.01169 0.04653 0.02469 -0.0006513 -0.04794 0.02201 0.006355 -0.002115 -0.0002017 -0.02053 0.001116
-0.001009 0.003577 0.001884 0.05749 0.03583 0.009798 0.3615 -0.01817 -0.007109 -0.003323 -0.0009597 -0.005058 0.004552
-0.002171 0.01436 0.006718 0.04650 0.03354 0.01655 -0.1227 -0.02594 0.01613 -0.009068 -0.0006487 -0.0001133 -0.003679
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.001620 0.009135 -0.004920 0.02808 0.02132 -0.01032 0.07346 -0.01105 0.003217 -0.002137 -0.005098 0.01688 0.004055
0.008295 -0.008609 -0.02453 -0.02259 0.01331 -0.006214 0.03108 -0.01070 -0.009583 0.004560 -0.001390 -0.01662 0.008047
0.008252 0.01222 0.002806 -0.02065 0.06860 0.01110 0.07582 0.02035 -0.002022 -0.004469 0.001343 -0.001806 0.005684
-0.002211 -0.02562 0.002178 -0.1038 0.05149 0.006729 0.08190 0.01353 0.001091 0.001821 -0.003503 0.001245 -0.004330
0.001582 0.01995 0.003735 -0.02240 0.02585 -0.01266 -0.02672 0.01796 -0.004555 0.002022 -0.003075 -0.004632 0.0009270
0.001735 0.02152 0.0007463 0.009925 0.02241 0.01254 0.008222 -0.01079 -0.01728 0.002946 -0.003325 -0.005543 -0.004507
0.006839 -0.02226 -0.01909 -0.03245 0.02479 0.004856 0.1271 -0.01791 0.01344 -0.004216 -0.0005972 -0.007463 0.004905
-0.001008 -0.01087 0.002848 0.02490 0.03478 0.005123 -0.03543 0.02042 -0.02183 -0.001732 -0.002510 -0.002789 0.008713
0.005582 0.001375 -0.01481 0.02547 0.04272 -0.002160 0.09662 -0.01505 -0.002071 -0.007016 0.002214 0.002786 -0.003244
0.0008037 0.01916 0.1895 0.02478 0.1324 0.4239 0.09587 0.01442 -0.006968 -0.003733 0.001520 0.003134 0.001142
-0.0006112 -0.005800 0.01015 0.02821 0.1677 0.3157 0.08130 -0.01684 -0.001245 -0.005224 -0.0004181 0.003625 0.003205
0.001869 0.005202 0.006406 -0.006051 0.1833 0.3688 0.06078 -0.01544 0.01388 -0.004834 -0.0005884 0.004876 -0.008573
0.001107 0.007812 0.003296 -0.001687 0.1451 0.3269 0.09864 0.0003449 -0.009996 0.003308 0.00006901 0.003680 0.003390
-0.001590 0.001274 0.06509 -0.06852 0.1926 0.2655 0.1048 -0.009227 0.0008990 0.006599 0.0006118 0.004109 -0.008050
-0.0006908 0.004219 0.01799 -0.006459 0.1927 0.2752 -0.02515 0.2491 -0.01162 -0.005098 -0.001336 0.01758 -0.003103
-0.001448 0.001961 0.002036 0.06809 0.1931 0.2741 0.1433 -0.02260 0.001033 0.001872 -0.0008694 -0.004483 -0.002931
-0.0007724 0.004521 0.002348 -0.02511 0.2195 0.2888 0.02142 -0.008554 -0.01114 0.0009364 0.0005672 0.002127 0.0004095
0.003152 0.009879 -0.003262 -0.06023 0.1808 0.3001 0.02908 -0.007360 0.008449 -0.004239 -0.00005463 -0.001999 0.002432
0.002914 0.005950 0.0003369 -0.0001107 0.2159 0.3293 0.01538 -0.009805 -0.004059 0.0006607 -0.001421 -0.0009163 0.0002133
0.0002354 -0.01186 -0.003927 -0.02567 0.2010 0.2588 0.1441 0.003035 -0.001101 -0.0006161 0.0004096 -0.001621 0.003211
0.002791 0.006052 0.003146 -0.01107 0.2034 0.3363 0.04202 0.005643 -0.004888 -0.001322 -0.001190 0.0004575 0.001739
0.002954 -0.003535 -0.01134 0.009613 0.1761 0.3524 0.09304 -0.003667 -0.004942 -0.0001691 -0.0005510 0.0009162 0.001679
0.005155 0.0008459 -0.002712 -0.003314 0.2487 0.02630 0.08118 -0.01334 0.0004270 -0.0004568 -0.0006312 -0.002064 0.001763
0.000 0.003896 0.009573 0.03400 0.2629 0.02381 0.01601 0.005276 -0.007244 0.0002473 0.0004214 -0.001006 -0.003167
0.001747 -0.01355 -0.003309 0.02914 0.2669 0.05735 0.04873 -0.006456 -0.004337 -0.002088 0.0007370 0.0004191 0.0001861
0.0009966 -0.0005789 -0.005414 0.002401 0.2432 0.03875 0.02317 0.0006513 -0.004594 -0.006318 -0.001357 -0.003522 -0.003513
-0.001489 -0.001928 0.02636 0.009773 0.2259 0.03455 0.03542 0.02482 -0.0001618 0.005526 0.0005497 -0.002735 0.001534
-0.001178 -0.003002 0.0007093 -0.01229 0.2895 0.004359 0.1389 0.01200 -0.003693 0.0006668 -0.0003305 0.01593 0.001031
-0.002114 0.001962 0.01073 0.002711 0.2925 0.01301 0.07980 0.002201 0.003729 0.001483 0.00007264 0.001187 0.0005723
-0.002013 0.01107 0.2127 -0.01752 0.3489 0.04004 0.5241 0.01744 -0.008990 -0.002953 0.0003002 0.007235 -0.005210
0.005527 -0.002297 -0.01597 0.01535 0.2882 0.02170 0.01646 -0.005646 0.003640 -0.001157 0.001008 0.03533 -0.002168
0.004693 -0.0008065 -0.002732 0.02511 0.3223 0.02654 0.1994 -0.004051 -0.004629 0.001649 -0.0004333 -0.003539 0.006618
0.0001166 -0.005438 0.008614 0.02517 0.3308 0.01911 0.02604 0.01327 -0.006110 0.0001012 0.0007486 -0.004572 0.004466
0.006354 -0.0008209 -0.002928 0.04390 0.3166 -0.009022 0.08623 -0.01180 0.003436 -0.002737 0.0005394 0.002913 -0.007219
0.002826 0.008411 0.001529 0.02405 0.2568 -0.004364 0.04964 -0.008759 -0.002794 0.002325 -0.0001193 0.001241 0.0005951
0.002846 0.0004301 -0.003745 -0.006141 0.2935 0.02967 0.03139 0.007401 0.0002160 0.002376 -0.0009137 0.001806 0.0009189
-0.002797 0.01281 -0.005020 -0.001076 0.2134 0.2727 -0.03051 -0.005104 -0.006495 -0.002194 0.0005169 -0.0006146 0.004966
0.001962 -0.008926 0.005824 -0.001090 0.2310 0.2822 0.1617 0.01373 0.006040 -0.001259 0.0008532 0.002945 -0.001171
0.004828 -0.01519 0.1706 0.007019 0.2683 0.3672 0.1335 0.007833 -0.009794 0.008921 -0.0007910 -0.003507 0.002535
0.006520 0.009697 0.4336 0.001540 0.2092 0.2549 0.2187 0.1650 0.01365 -0.005756 0.0005019 0.01466 0.006565
0.0001031 0.005917 0.3173 0.004615 0.2168 0.1932 0.1669 0.02147 -0.004337 0.008741 -0.0001291 -0.005994 0.0006098
-0.005055 0.01510 -0.006549 -0.02703 0.1804 0.2228 0.01200 0.02371 -0.006814 -0.004590 0.002365 0.01237 0.007086
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.01104 -0.002079 0.001360 -0.003720 0.2217 0.1547 0.1181 0.01879 0.001006 -0.0005473 0.001236 0.004958 -0.006182
0.003807 0.009033 0.04469 0.0006636 0.2287 0.1503 -0.02322 0.01003 -0.005380 0.006982 0.0001617 0.001889 -0.0009971
0.001125 -0.0001630 0.01742 -0.02406 0.2473 0.1442 0.008577 -0.002567 0.003958 0.001268 -0.0002148 -0.002116 0.001801
0.001169 -0.01116 -0.002904 0.007266 0.1897 0.3938 0.2198 0.05850 0.004197 -0.0004069 -0.0004069 0.007563 0.002131
-0.001512 -0.005852 0.2287 0.008508 0.1664 0.4194 0.1911 4.031 0.003030 -0.002776 -0.0008976 -0.001492 -0.001975
-0.007793 0.01266 0.007130 -0.01227 0.1681 0.2931 -0.01214 -0.009262 0.01627 0.000 -0.002777 0.002460 -0.001873
0.0001250 -0.0004028 0.005010 0.007493 0.1724 0.3334 0.1731 0.006822 0.005788 0.002878 -0.0007056 -0.001273 -0.0008734
0.000 0.001673 0.0005047 0.008684 0.1484 0.4132 0.05856 -0.004790 0.01110 -0.001482 0.0006798 0.01383 -0.001976
-0.0009903 0.05654 0.01286 0.01334 0.1547 0.2464 0.04218 -0.01299 0.005917 -0.007126 -0.001295 0.0008192 -0.004739
-0.0007106 -0.0008870 -0.004753 0.01218 0.1717 0.3233 0.1581 -0.004622 0.0005084 0.0002320 0.0009319 -0.003289 -0.003125
-0.0007075 0.01846 -0.0003414 0.01678 0.2095 0.2602 -0.03101 0.006099 0.004140 -0.002967 -0.001522 -0.0003274 -0.007266
-0.001063 -0.001171 0.08234 0.01361 0.2063 0.2954 0.06261 -0.009094 -0.006176 0.003661 -0.002439 -0.002538 -0.0006748
0.002700 -0.005246 -0.009312 0.01587 0.1903 0.2936 0.04405 0.009460 0.003354 -0.0007005 -0.001123 0.0001349 0.004624
0.003446 -0.001587 0.01022 -0.02737 0.1656 0.2802 0.03511 -0.01437 -0.009978 0.0008811 0.0003119 -0.001006 0.003872
-0.003183 0.02187 0.5653 0.003677 0.1790 0.3904 0.09064 0.1257 -0.006435 0.003545 0.003366 0.004424 -0.004451
0.002636 -0.006857 0.01859 0.01831 0.1648 0.3468 -0.01795 0.01899 -0.01032 -0.004290 -0.002759 0.0006203 0.003911
-0.001842 0.002041 -0.003973 0.03503 0.1809 0.1647 0.1653 0.002770 0.002156 0.002396 0.0003163 0.001937 0.0001121
0.002889 -0.007305 0.01124 0.007578 0.1679 0.1265 0.4631 -0.004748 -0.007721 0.001061 -0.0003971 0.01041 0.001020
0.001905 0.006293 -0.0001998 -0.03643 0.1903 0.1656 0.07238 -0.01543 -0.001151 0.001850 0.0003858 -0.005314 0.005038
0.000 -0.02093 -0.001650 0.03724 0.1537 0.2006 1.274 0.001833 -0.002924 0.006501 -0.0008579 -0.005642 -0.006407
-0.0002379 -0.007802 -0.005594 0.03178 0.1630 0.1623 0.2394 0.006679 -0.0004724 0.003307 -0.00006931 -0.001367 0.001370
0.002134 -0.007650 -0.004870 0.01435 0.1958 0.3262 0.2036 0.003725 -0.006406 0.0001190 0.001461 -0.003670 0.01020
0.001288 -0.01497 0.005625 0.01247 0.2266 0.2223 0.03621 0.003804 0.008118 0.0002428 -0.0008157 0.006381 -0.006181
0.004273 0.002693 0.001537 0.05587 0.2053 0.1967 0.1374 -0.002656 0.0002682 -0.001516 -0.0005640 -0.003188 -0.001575
-0.001692 0.01347 0.04728 -0.04909 0.2077 0.1657 0.4000 2.109 -0.001249 -0.003083 -0.0003385 0.004677 0.003720
0.006298 -0.001695 -0.007998 -0.01073 0.2208 0.1511 0.2070 0.01723 0.006433 0.006715 0.001077 -0.001902 0.0002136
0.002399 -0.008372 0.0001031 -0.007892 0.1745 0.1204 0.1820 -0.04151 -0.009341 0.00009497 0.001188 0.01009 -0.004791
-0.0005548 0.005544 2.230 0.01049 0.2006 0.1679 0.4172 0.3207 0.002288 0.001046 -0.0004631 0.002961 0.002097
0.002802 -0.007037 0.6486 0.03512 0.2286 0.1049 0.07712 0.08207 0.007592 0.0009208 0.001865 0.001081 0.004246
0.003518 0.002558 0.006535 -0.002963 0.1687 0.2217 0.2950 0.004004 0.007657 -0.002026 0.002121 -0.005937 -0.0009425
-0.007771 0.003966 -0.006187 -0.03144 0.2033 0.2139 0.1747 -0.009908 -0.001150 0.0002243 0.0005832 -0.002614 -0.003479
-0.002873 0.003840 0.001834 -0.009017 0.1581 0.1781 -0.02428 -0.004230 0.01120 -0.005304 -0.0008441 -0.002937 0.0002093
-0.001427 -0.01052 0.005403 -0.01486 0.1631 0.2331 1.556 0.01961 -0.002676 -0.002731 -0.001351 0.01932 -0.002068
0.005416 0.009060 -0.006297 0.01127 0.2167 0.2104 0.06888 0.005744 0.006010 -0.003645 -0.0004651 -0.007826 -0.008134
-0.003282 -0.005574 0.006054 -0.03487 0.2031 0.2319 0.06276 0.003419 0.003953 -0.001028 0.0005735 -0.002482 0.004636
0.002445 0.006974 0.001277 0.01345 0.1729 0.1837 0.1106 0.01544 0.004984 -0.0002765 -0.0001322 -0.0008617 -0.003940
-0.002392 0.0006765 -0.009277 -0.04581 0.1795 0.2103 0.1100 -0.01074 0.003111 0.0007076 0.0003308 -0.001223 0.0008469
-0.001676 -0.007159 -0.01406 0.01236 0.1794 0.1612 0.1919 -0.004274 -0.004759 0.003537 0.00006898 -0.0004102 -0.008673
0.002812 0.07176 0.006347 0.04867 0.2130 0.1972 1.003 0.005164 0.001183 0.002601 -0.0003000 0.00009253 -0.002381
-0.005018 -0.01075 0.04925 -0.006721 0.1847 0.1908 0.1588 0.008823 -0.001133 0.002761 0.0003751 0.009705 -0.001520
0.003436 0.01031 0.06711 0.01078 0.1244 0.6542 0.2351 0.01070 -0.009337 0.001682 0.001909 -0.0005359 0.001876
0.001786 0.01482 0.06398 0.02806 0.1244 0.5078 0.5812 0.0004924 -0.006217 -0.0007067 0.001111 0.001086 -0.003872




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.002709 -0.006369 0.4825 0.01075 0.1226 0.5792 2.582 0.01636 0.001095 0.001755 -0.0003972 0.005893 0.006578
0.0002883 0.007036 0.01020 0.01111 0.1847 0.6172 0.08644 0.01630 -0.003922 -0.003704 -0.0002449 0.01293 0.004144
0.001729 -0.002545 0.06250 -0.01023 0.1335 0.6874 0.05603 0.01070 0.003616 -0.0009008 0.001066 -0.002824 -0.002990
0.3023 0.009347 25.87 0.006962 0.1869 0.2298 2.058 2.463 0.01364 0.009778 0.0008351 0.003968 0.0003878
0.7625 0.1552 43.63 0.04040 0.3112 0.4628 0.2645 414.0 0.03221 0.02418 0.001049 0.01832 -0.001932
0.005632 -0.01249 0.3020 -0.03996 0.1574 0.4481 0.9841 0.2094 -0.008019 0.0007853 0.0003956 0.006080 -0.003822
0.001350 0.01748 -0.004193 0.008667 0.1953 0.7338 0.08980 -0.003336 0.004190 0.005360 -0.001008 -0.002139 0.004895
0.0007393 0.006760 0.0007832 -0.04026 0.1671 0.5528 0.5035 -0.001388 -0.005569 0.003559 -0.001411 0.006982 -0.0002457
-0.001175 0.02633 0.01040 -0.03788 0.1423 0.4062 0.3478 -0.003290 -0.004899 -0.002154 0.0004251 -0.01296 -0.006088
0.0001213 0.01004 0.001554 0.03059 0.2799 0.009682 0.1577 0.002617 -0.006360 0.003295 0.0003229 -0.003826 0.001853
0.001934 -0.005139 0.02013 0.03551 0.2758 -0.01639 2.098 0.0006635 0.003645 -0.003474 0.001495 0.004281 0.004232
0.002867 0.008848 0.1327 -0.02018 0.3069 0.02099 1.512 -0.004126 0.002175 0.0003062 -0.0001858 0.005162 0.005775
0.008733 -0.01139 0.006225 0.01234 0.3015 0.01531 2.108 0.0003493 -0.006263 0.001030 0.0008557 -0.002180 0.003415
-0.001738 0.004188 0.006781 0.02733 0.2689 0.01802 5.659 -0.001667 0.008595 0.001950 -0.0003268 -0.009087 0.0002447
0.006788 -0.0007544 0.004187 -0.04236 0.3131 0.04979 0.1880 -0.006879 0.01276 -0.001532 0.0006945 0.0008595 0.003866
0.008369 -0.001085 -0.008604 0.03581 0.3107 0.02544 2.495 0.01300 0.005470 -0.002069 -0.0001551 -0.001264 0.004652
-0.005226 0.002536 0.001005 0.02115 0.2873 0.02027 1.321 -0.006648 0.003849 0.003378 0.001085 0.0003429 0.004822
-0.0008154 0.009196 0.008309 0.002627 0.2695 0.01378 9.389 -0.004928 -0.006173 -0.002900 -0.0004488 -0.007829 0.001870
0.001060 -0.008029 -0.006779 -0.02760 0.2730 0.007558 0.1844 -0.001947 -0.006632 0.0002096 0.0007739 -0.0006369 -0.004899
0.006927 0.007670 0.004146 0.05527 0.2609 0.04915 1.169 0.005017 0.006341 0.00009366 0.000 -0.001139 0.006533
0.002487 0.02390 0.006061 -0.003009 0.2522 0.04615 5.123 0.1405 -0.003758 -0.001543 -0.0009399 0.003599 0.001732
0.002737 0.02406 0.04976 -0.007560 0.2307 0.005243 45.70 0.01509 0.000 -0.002508 0.0002796 -0.003250 -0.001152
0.0003183 0.002082 0.008167 -0.01628 0.2274 0.04177 53.04 0.01711 -0.0008510 0.000 0.001341 0.005194 0.001016
0.005574 0.02405 0.1312 -0.02175 0.2759 0.01555 5.795 -0.001246 0.003504 0.001589 0.0006101 0.002042 0.003314
0.004348 -0.009078 -0.009482 -0.004738 0.3125 0.05839 0.4827 0.007458 -0.0002682 -0.002001 -0.0002100 0.002162 0.0009697
0.002700 0.006251 0.007059 -0.02128 0.2792 0.04440 0.2400 -0.01389 0.003851 0.005442 -0.002303 0.0003223 -0.0009102
0.001783 -0.005676 0.006049 0.006554 0.3302 0.03925 0.04631 0.01289 0.01034 0.0001004 -0.0006775 0.005001 -0.001093
0.002917 0.009174 0.01292 -0.006995 0.2737 0.02724 0.003814 0.01765 0.0002209 -0.001343 -0.0009278 0.002670 -0.0004730
-0.0004791 -0.009796 0.001303 0.04121 0.3570 0.06288 0.06231 -0.01181 -0.002722 -0.0004134 -0.0001328 -0.001315 0.0004627
-0.001639 0.006234 0.006777 -0.03472 0.2560 -0.008603 0.7084 0.01847 0.006208 -0.002827 0.000 -0.007499 -0.003613
0.005725 0.002472 -0.001866 0.05598 0.3174 0.02748 0.07547 -0.002289 -0.006624 0.001713 -0.0004152 -0.0005205 0.005755
-0.003301 -0.02783 -0.008028 -0.03477 0.3339 0.01739 0.2584 -0.01861 0.01324 0.0001291 -0.0004352 0.001786 -0.001558
0.003685 -0.006096 -0.0007740 0.03011 0.3421 0.01311 0.1635 0.01694 -0.004561 -0.005822 -0.001648 -0.001981 -0.0006121
0.003607 0.01769 0.09810 -0.02334 0.2832 0.02675 -0.04293 0.09159 -0.005581 -0.003795 0.0009841 -0.001584 -0.002964
-0.003628 0.001594 -0.004410 -0.001688 0.4055 0.02427 0.1918 0.003229 -0.004002 0.003794 -0.00008834 -0.0001188 -0.001081
0.01523 0.009661 0.01025 0.01818 0.3731 0.003396 0.09273 0.004892 0.000 -0.004183 0.0004715 0.001616 -0.004543
0.02002 0.01286 0.01201 0.06179 0.3826 -0.001877 0.05142 0.01850 0.003255 -0.004062 0.000 -0.001326 -0.004442
-0.001532 0.009483 0.02941 0.02043 0.3629 0.05282 0.007947 0.2847 -0.01432 -0.001300 -0.0004176 0.0003996 -0.004328
-0.0005308 0.009700 0.03400 0.009997 0.4714 0.04248 0.03989 0.03395 -0.004944 0.001399 0.0009633 -0.003153 -0.002668
0.007501 0.001073 -0.0008907 -0.01350 0.3439 0.02883 0.07834 0.0007918 0.000 0.0007259 -0.001300 0.006167 -0.001136
0.003453 0.01193 0.01405 0.05536 0.3468 0.01641 0.06102 -0.002991 0.003403 -0.001218 -0.0001957 -0.0009805 -0.0004929
0.006613 0.001965 0.006821 -0.002286 0.4204 0.02456 0.1196 0.0006720 0.002181 -0.002836 0.00003294 -0.001869 0.001755
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pyrite mineral chemistry by LA-ICP-MS
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Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182 Pt195
0.005323 0.007947 0.01434 0.01471 0.4527 0.01889 0.1059 0.01288 0.0006894 -0.006233 -0.0002771 0.002931 -0.001733
-0.0006235 0.01379 0.002524 0.004387 0.6138 0.01666 0.04206 -0.001735 -0.003915 -0.001782 0.0008058 0.004013 0.004837
-0.0006868 -0.005829 0.002439 0.01118 0.4205 0.02052 0.1350 -0.005738 -0.0007183 0.0008358 -0.0008290 0.001084 -0.003843
0.0002381 -0.005675 0.004926 0.01517 0.4487 0.01188 0.1435 0.0006633 -0.004424 0.0009738 0.0002805 0.001966 -0.0006219
0.001987 0.001128 0.0009495 0.01548 0.4383 0.03678 -0.03198 0.005539 0.0002259 0.0003088 0.001014 -0.007732 -0.001612
0.0008023 0.0001869 0.00009777 -0.01127 0.3056 0.05165 0.1330 -0.006164 0.0003723 -0.001273 0.0002182 0.02433 -0.002105
0.003531 0.002863 -0.004341 0.02589 0.4505 0.03459 0.09078 -0.0003217 -0.007197 -0.001786 -0.0005741 -0.0002069 0.001735
0.004685 -0.001896 0.004571 0.009384 0.3481 0.02304 -0.06929 -0.004339 -0.002884 0.003297 0.0002841 -0.004642 0.001085
-0.004214 0.002376 0.008497 0.02463 0.4375 0.01954 0.1282 0.04346 0.006798 -0.002121 0.0002813 -0.003681 0.002937
0.001223 -0.01562 0.008213 -0.01789 0.3769 0.01323 0.1136 -0.004254 -0.009042 -0.003992 -0.0004142 0.002065 -0.002919
0.009911 -0.005990 -0.003307 0.005841 0.3928 0.04006 0.1743 0.1896 0.002634 -0.003911 -0.0004610 0.0007751 0.0004091
0.004743 -0.009527 -0.005971 -0.03524 0.3857 0.03047 0.07358 -0.007274 -0.004843 -0.001084 -0.0009335 0.0003342 0.0003855
0.001084 0.006959 0.0003240 0.02140 0.3617 0.03303 -0.02321 -0.009018 0.004603 0.001174 0.0003366 -0.001789 0.004742
0.005615 0.001493 -0.005168 0.005665 0.3596 0.01820 -0.03064 0.09350 0.002334 -0.0001294 -0.0008909 0.002116 -0.0002895
-0.0004563 0.007044 0.2180 0.04663 0.3284 0.04267 -0.008181 2.793 -0.008686 0.0009288 0.001146 0.008549 0.0006978
0.001048 -0.01109 0.004660 0.04853 0.4023 0.006189 0.08025 0.7468 -0.001054 -0.0004789 -0.0004403 -0.0003996 -0.0006475
0.001491 0.01902 -0.002298 -0.006913 0.4300 0.03739 0.03282 0.3482 -0.006184 0.001711 -0.0006285 -0.006183 0.002738
-0.003142 -0.004100 0.002017 0.02833 0.3745 0.01577 0.08917 -0.004826 -0.003499 -0.0002610 -0.00004197 0.001995 -0.002306
0.001053 -0.004332 0.01220 -0.003542 0.4151 0.02604 0.07443 0.0006802 -0.004528 0.002472 -0.001899 -0.002078 -0.003932
0.007495 13.72 0.6704 0.01110 0.1913 0.4214 0.1234 0.02802 0.002129 -0.001812 0.0002823 0.01577 0.001851
-0.002688 -0.02110 0.04514 0.03091 0.1946 0.2793 0.08167 0.008831 0.003760 -0.001872 -0.002167 -0.0009419 -0.002928
0.002392 0.004089 0.004082 -0.005117 0.1864 0.2984 0.03379 0.01029 0.003561 0.0003464 -0.001480 0.003482 -0.0005177
0.002158 -0.007085 0.01249 0.2135 0.1624 0.3444 0.09245 0.0007120 -0.004775 -0.002915 0.001893 -0.003776 -0.005949
-0.003276 -0.0009357 0.1494 -0.02579 0.1640 0.2739 0.1302 -0.009911 0.003143 -0.0002057 -0.001512 -0.0004395 0.003376
0.002901 0.06503 0.6903 -0.007147 0.1862 0.9709 0.06271 -0.01256 -0.002779 -0.003857 -0.0001690 0.007604 0.006125
0.005422 0.01643 0.01313 -0.03463 0.1620 0.3151 -0.005523 -0.004941 0.005049 0.003919 -0.0001323 0.0001025 -0.001631
0.0002786 0.007916 0.01257 -0.02682 0.2045 0.2320 0.04311 -0.02072 0.006779 -0.003512 0.00008355 0.01168 -0.002423
-0.001429 0.002818 0.03455 0.001950 0.1696 0.3086 0.1333 0.0003504 0.01802 0.007521 -0.001158 -0.003476 -0.002711
0.3771 184.5 29.01 0.1467 0.3527 21.09 2.913 3.404 0.08807 0.02014 0.003554 0.2710 0.007049
0.006392 -0.002095 0.01413 -0.006802 0.1715 0.3144 0.08352 0.01697 0.0002371 -0.001554 -0.0007011 -0.001196 -0.003834
0.001125 0.02593 0.04166 -0.01685 0.1587 0.4821 0.09057 0.005396 -0.001101 0.001980 0.001105 0.0002689 0.003948
0.006000 -0.006225 0.003909 0.003858 0.2298 0.3600 0.02138 0.008599 -0.008592 -0.001504 -0.0006478 0.007999 0.006426
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pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Au197** Tl205 Pb208 Bi209 U238
-0.00007220 -0.00009591 0.005119 0.04513 0.001241
0.001184 0.003496 74.49 0.2346 1.350
-0.002185 -0.0002404 0.01632 0.07530 -0.0003167
0.00001485 -0.001119 0.01481 0.04756 -0.00002688
-0.001449 0.001096 0.009963 0.02062 -0.0003095
0.004898 0.0009026 1.401 4.313 4.882
0.0006134 0.06895 9.252 5.072 0.06385
0.0008881 0.0007589 0.01180 0.01632 0.00009764
-0.0003628 -0.0006315 0.1276 0.04453 -0.0001254
-0.002624 -0.002363 0.4011 0.3692 0.007925
0.0003416 -0.0002259 0.3037 1.757 0.04439
0.004972 0.0007073 0.8354 1.405 3.245
0.001017 -0.0008933 0.01285 0.007218 -0.0002000
0.002481 -0.001484 0.02855 0.02225 0.0006521
-0.003792 -0.0001722 0.02439 0.01853 -0.0009539
0.003255 -0.001036 0.009593 0.01332 -0.0001211
0.01273 0.002560 0.02180 0.01346 0.001202
-0.002271 0.0008945 0.005145 0.003812 -0.0003016
-0.0006609 0.002615 0.04062 0.003370 -0.0005629
-0.001784 -0.002647 0.005084 0.003651 0.0005977
0.00008947 -0.0003029 0.007166 0.002297 -0.001036
0.005687 0.0002159 0.03361 0.01454 0.004164
-0.001320 -0.0001457 0.009305 0.009259 -0.0002430
-0.001588 -0.001115 0.01050 0.005868 0.0006466
0.0001832 0.002563 0.009537 0.006645 -0.001228
0.002139 -0.001028 0.005660 0.002609 0.00008593
0.0007396 0.0003600 0.006110 0.0004026 -0.0004993
0.002655 0.001731 0.004925 0.003874 -0.0008865
-0.0005488 0.0009436 0.1921 2.040 -0.0004196
-0.0003836 -0.0001520 0.008496 0.02556 0.0002094
0.001794 0.001371 0.3917 2.453 0.006201
0.001620 0.0001713 0.008498 0.008194 0.0009600
-0.0006375 0.0001521 0.02556 0.002671 0.0005489
0.005465 -0.003176 0.8007 0.4657 0.02429
-0.003824 -0.002145 0.01762 0.02207 0.0006447
-0.0003321 -0.001764 0.08352 1.557 0.001089
-0.003662 0.002558 0.02408 0.06130 0.001619
0.004729 -0.0008600 0.005011 0.008598 -0.00006371
-0.001484 0.001029 0.3113 2.023 -0.0002871
-0.0007650 0.002876 0.003388 0.009216 0.0002971
0.00001555 -0.0002425 0.04105 0.02329 0.00008456
0.001614 -0.0009114 0.09744 0.2311 -0.001976
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Au197** Tl205 Pb208 Bi209 U238
0.002174 0.005883 0.02632 0.08713 0.0003208
0.001909 -0.0004677 0.003796 0.002331 0.0002550
-0.0001352 -0.0008918 0.002723 0.008456 -0.0006977
-0.005440 -0.001679 0.005096 0.01748 -0.0002808
0.002054 -0.0008049 0.007318 0.004679 0.0007074
-0.001887 0.001051 -0.001509 0.01841 -0.001186
0.0001604 0.002332 0.01205 0.03335 0.0006243
-0.003152 0.0009675 0.003421 0.01077 0.0006855
0.0006759 -0.001075 0.004413 0.01483 0.000005041
-0.001546 0.0009658 0.01708 0.004464 -0.00003226
0.0004101 -0.0008030 0.03892 0.008942 0.0009502
0.001114 -0.001047 0.01184 0.008930 0.002755
0.0005797 0.002207 0.002569 0.01017 -0.0008460
0.001563 0.004322 0.1833 0.1667 0.001576
0.003276 0.001014 0.01051 0.01008 -0.0005181
-0.004979 0.001308 0.1382 0.001533 0.05488
0.001493 0.001126 0.1452 0.2274 0.0006356
-0.001791 0.001098 0.05873 0.005994 0.01611
-0.004068 -0.0007470 0.2052 0.02248 0.02029
-0.0007405 -0.001510 0.002384 0.007781 -0.0001084
-0.0008853 -0.001228 0.005452 0.01493 0.003649
-0.0008249 -0.001462 0.007545 0.006972 -0.0002873
0.002530 0.0002480 0.005398 0.008219 0.03895
0.002800 0.01548 0.03677 0.07665 0.001434
0.002791 -0.0004229 0.0005123 0.003322 -0.00004359
0.0005402 -0.0008081 0.006280 0.009330 -0.001053
0.002090 -0.00008258 0.004005 0.01003 0.001093
-0.004430 -0.001583 0.02073 0.03506 0.01254
0.0008136 0.001389 0.00005976 0.008824 0.0004118
0.001052 -0.005260 0.04707 0.06873 0.08093
0.001976 0.001962 111.3 3.869 5.684
0.03326 0.0004534 1.991 6.224 0.05822
0.007657 0.02946 12.34 18.40 14.41
0.0002375 -0.00005631 0.02037 0.004693 0.001824
-0.00002774 0.0008277 0.006503 0.003283 -0.0003397
0.0008310 -0.002331 0.01022 0.001358 0.0006642
0.006492 -0.001267 -0.004165 -0.0005353 0.00007802
-0.0005382 -0.002546 0.002099 0.03091 0.001046
0.001347 -0.0003177 0.004719 0.003610 0.00009208
0.003377 -0.00008521 0.004585 0.003479 -0.0007868
-0.003479 -0.001409 0.001689 0.0008619 -0.00002813
-0.003875 -0.0003162 0.001251 0.002009 -0.001104




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Au197** Tl205 Pb208 Bi209 U238
0.001954 -0.001067 0.03941 0.07657 0.001086
0.0007672 -0.0006829 0.02077 0.07799 0.001633
0.0007169 0.0002635 0.03539 0.1473 -0.0001291
-0.001584 0.00007025 0.01439 0.05754 -0.00006296
0.004406 -0.0003653 0.01871 0.04623 0.002475
0.007719 0.002259 0.04259 0.02564 0.0004918
0.004806 0.0008857 0.3128 0.1471 0.004024
0.007321 -0.0003270 0.007036 -0.001758 0.001569
0.02603 0.007932 5.277 11.01 -0.001572
-0.0008953 0.001362 0.008015 0.005804 0.002483
-0.003202 0.0009086 -0.003893 0.003932 0.001330
0.004428 -0.003404 0.01921 0.002360 0.002059
-0.01718 -0.004084 0.005938 0.002078 -0.001196
-0.002542 -0.005818 0.01032 0.007237 0.001885
-0.002117 -0.001868 0.002361 0.005101 0.003849
0.003814 0.006678 0.01042 0.009737 0.0008545
0.001919 0.0008529 0.001064 0.005347 0.0001835
0.02029 0.001984 0.005246 0.0006122 0.002142
0.01715 -0.0008055 0.02619 0.002097 0.0004615
-0.003283 0.001780 0.02129 0.02210 -0.002424
-0.01682 -0.0004066 0.002087 0.002544 -0.002500
-0.005162 0.001666 0.0006235 0.0005035 -0.001370
0.007364 -0.001156 0.03353 0.3227 -0.0003539
-0.004467 0.0004934 0.02239 0.06991 0.0004365
0.004735 -0.003833 -0.0009885 0.07460 0.001169
0.3245 0.0005986 0.006506 0.04989 0.0009006
-0.001472 -0.0007670 0.01086 0.1272 0.001239
-0.002054 -0.00003915 0.03034 0.2154 -0.0002335
-0.005834 0.004374 -0.0005275 0.04556 -0.0005892
0.001205 -0.0009871 0.2463 1.617 0.02766
-0.0007417 0.0007117 0.2153 0.06377 0.02422
-0.003848 -0.0007334 0.002883 0.02865 0.0006240
0.005029 -0.0004693 -0.0006155 0.02129 0.002380
0.002485 0.0001588 -0.0006526 0.06791 0.0006967
0.008648 0.0005640 0.2202 1.486 0.0007782
0.005667 -0.001708 -0.0007423 0.03323 -0.0001253
-0.001768 0.0004882 0.002520 0.06980 0.0007054
0.003603 -0.004791 0.01593 -0.0008205 -0.001589
-0.008012 -0.0007531 0.01923 0.007988 0.001043
-0.008262 0.002854 -0.001711 0.006696 0.00006651
0.005365 -0.001755 0.01406 0.001137 0.0002206
-0.01259 0.004324 0.008525 0.004465 -0.0004617




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Au197** Tl205 Pb208 Bi209 U238
-0.004812 0.002551 0.01997 0.005201 0.001737
0.004916 -0.003337 0.02975 -0.003051 0.0004467
0.01274 0.002670 0.008903 0.003072 -0.0001224
0.003084 0.0006605 0.01245 -0.003051 -0.0001818
-0.006473 -0.003587 0.009514 -0.002222 0.0006498
-0.003764 -0.001879 0.03639 0.0009609 0.05520
0.006403 0.00006151 0.004339 -0.0007175 0.003399
0.0004145 -0.003488 0.01125 0.006057 0.001298
0.002166 0.0001017 -0.005170 0.003998 -0.001436
-0.0001785 0.001443 0.01337 0.05881 -0.001469
-0.0003469 0.001674 0.05645 0.04632 0.00007738
-0.001001 0.002680 0.01032 0.05071 0.002764
0.005240 0.001648 0.01305 0.03616 0.001083
-0.0008214 0.001372 0.01604 0.04194 -0.001185
0.0007235 -0.0009376 0.02479 0.03430 -0.0007885
-0.002206 -0.0005609 0.01412 0.03996 -0.0002140
0.003189 0.0004358 0.01934 0.03470 -0.0002357
-0.002952 0.004987 0.01502 0.03198 -0.0005081
0.0007511 0.001715 0.007734 0.03104 0.001667
-0.001072 0.001354 0.003918 0.02079 0.001208
0.004191 -0.001777 0.005668 0.05242 -0.0005082
0.002984 -0.002424 0.01468 0.04003 0.00002127
0.002601 -0.003721 0.01175 0.01429 -0.00009576
0.006273 0.002254 0.004405 0.02284 -0.00006698
-0.003034 -0.0001581 0.01269 0.0006616 0.00006843
-0.004810 0.00003383 0.007078 0.006573 -0.0004077
0.003207 0.002364 0.06835 0.01253 0.00005726
0.001467 -0.003136 -0.0004854 0.02759 -0.0004129
0.001638 -0.002090 0.02155 0.001875 0.001163
0.002250 0.001606 1.391 2.548 0.0008190
0.001555 -0.0005669 0.01148 0.008457 -0.0004795
0.003040 0.002414 0.005504 0.01478 -0.0006675
-0.0007793 -0.0003586 0.01085 0.008765 -0.0007989
0.006825 0.001090 0.003329 0.004764 -0.0003123
0.003760 0.001757 0.01849 0.02359 0.0003566
-0.001922 0.001326 0.01515 0.02357 0.001682
-0.001917 -0.001443 0.05783 0.1595 -0.0008594
0.002122 0.002507 0.06610 0.05588 0.0003761
-0.003305 0.002280 0.01547 0.05476 0.0007409
-0.001592 -0.0009570 0.1075 0.02907 0.00008671
-0.001552 0.0008579 0.09074 0.04027 0.0004555
-0.004541 0.0003255 0.02741 0.03262 0.001200




Appendix 8: White Pine
pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Au197** Tl205 Pb208 Bi209 U238
-0.001069 0.002451 0.02462 0.01672 0.01723
-0.001098 -0.0008349 0.002492 0.01044 0.0009939
0.006235 -0.0001745 0.02147 0.01695 -0.0009952
0.001754 0.002713 0.01705 0.04537 -0.0002772
-0.002237 0.01693 1.486 0.05149 0.007853
0.006070 0.004547 0.04941 0.04227 -0.0008811
-0.001263 -0.004750 0.03132 0.03069 -0.0008725
0.001706 0.001770 0.005445 0.03734 0.0002930
0.004565 0.002462 0.08299 0.03673 0.001326
0.001196 0.001927 0.01493 0.04700 0.0002428
0.006258 0.001743 0.02049 0.07370 0.0007889
-0.0003181 0.001469 0.07240 0.04794 0.0006735
-0.006162 -0.001505 0.01281 0.03809 -0.0002099
0.002757 -0.004499 0.007707 0.03366 0.0004810
-0.001380 -0.00007083 0.07453 0.09615 -0.0002147
0.0002088 -0.0003041 0.03016 0.04565 -0.001489
0.003227 -0.0007860 0.004397 0.02106 0.0003212
-0.002354 0.0001952 0.01716 0.1012 -0.0001482
-0.004157 -0.001782 0.07722 0.1665 -0.0005752
-0.001720 0.002034 0.02613 0.02888 0.001455
0.001623 0.001556 0.01034 0.04014 0.0003604
0.001094 0.0003036 0.01204 0.03371 -0.0007146
0.004565 -0.002465 0.002277 0.01989 -0.0001444
-0.005965 0.002245 0.01173 0.05419 -0.0007580
-0.0006530 -0.00006198 0.01490 0.03143 0.001694
0.001280 -0.0009154 0.004563 0.02814 0.0009564
0.001874 0.001196 0.01337 0.02124 0.0002623
0.004750 0.0001927 0.3117 0.01705 0.004420
-0.003215 -0.0004604 1.557 0.1951 0.002803
0.006532 -0.0004123 0.02641 0.02604 -0.0001107
-0.003630 -0.001311 0.01259 0.01718 -0.0004348
0.005582 0.001409 0.03088 0.05719 -0.0005944
0.002158 0.0001608 0.1623 0.06189 -0.0001347
-0.0001151 0.002466 0.01247 0.02607 0.0009324
0.0002458 0.000009279 0.005538 0.02225 0.0002467
0.002513 0.000006925 0.09288 0.01926 0.00007253
-0.002638 0.0004096 0.006447 0.02398 -0.0006185
0.0003292 -0.002258 0.009537 0.04183 -0.0004198
0.004258 0.002413 0.02332 0.03300 -0.0009847
-0.001752 0.0007922 0.02005 0.02522 -0.0005488
0.004744 0.0003505 0.01453 0.07196 0.0007916
0.0005903 0.002783 0.01113 0.06983 -0.00004619
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pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit















































Au197** Tl205 Pb208 Bi209 U238
0.0001367 -0.0006470 0.02476 0.08221 -0.0006901
-0.00002592 -0.005091 0.007352 0.07097 0.001309
-0.003281 -0.003554 0.01520 0.05658 0.0007134
0.0006834 0.001040 1.647 0.08172 0.1885
0.004850 0.002742 2.207 1.251 0.3339
0.004337 0.001266 0.02262 0.03469 0.001732
0.0001923 -0.0002309 0.01241 0.07314 0.00008370
0.003069 0.001792 0.01273 0.06241 0.001539
0.0001882 0.002178 0.03356 0.1382 -0.0009553
-0.0005859 0.0002242 0.004079 0.01056 -0.0003315
0.001656 0.0004114 0.05390 0.02748 -0.0003038
0.006583 -0.0001960 0.3125 0.1248 0.0005728
0.003436 0.001409 0.004112 0.008932 0.001107
-0.006271 -0.0004300 0.01665 0.01442 -0.0001765
0.005614 -0.0005938 0.02366 0.01536 0.0002270
0.003727 -0.002871 0.001603 0.01247 -0.00006310
0.002095 0.0007986 0.01251 0.009480 -0.002098
-0.0006263 0.0004001 0.03961 0.09074 0.0004565
0.009705 0.001116 0.02387 0.009567 -0.0003332
-0.0001551 0.0005187 0.01072 0.01115 0.001024
0.001403 0.001598 0.06044 0.008803 0.0001512
-0.004722 0.002125 0.2852 0.06157 -0.0005195
-0.004070 0.0007111 0.02465 0.001695 0.0002652
0.004441 0.0003907 0.4249 0.1804 0.001608
0.002968 0.001613 0.01901 0.05733 -0.0002884
-0.001476 0.0009312 0.01668 0.005500 0.0005740
0.009805 -0.0007512 0.008068 0.02090 0.0007146
0.001795 0.0005431 0.02491 0.1971 -0.0004347
0.006663 0.001760 0.007372 0.03524 0.0006516
0.007077 -0.001403 0.1142 0.2145 0.0004753
0.0004309 0.002018 0.02200 0.03033 -0.0005347
0.006142 -0.001237 0.03072 0.3209 0.00004341
-0.003421 0.001773 0.02571 0.009637 -0.0001969
0.003599 0.001535 0.4214 0.04274 0.001997
0.002152 0.0001564 0.1055 0.02629 -0.001367
0.003129 0.00005642 0.09520 0.7764 0.0007193
0.002719 0.002284 0.01669 0.02341 0.0004898
0.004675 -0.0005972 0.2940 0.05525 0.0007697
0.005567 0.001951 0.09779 0.006769 -0.0001078
0.004921 -0.00009769 0.01789 -0.002217 0.0004644
-0.0001112 -0.002199 0.03637 0.009334 -0.00002331
-0.002056 0.001514 0.07398 0.01299 -0.0002892
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pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit





































Au197** Tl205 Pb208 Bi209 U238
0.001531 0.001169 0.006183 0.01379 0.0002082
0.01546 -0.002351 0.001157 0.01468 -0.0004711
-0.002786 0.002529 0.0001834 0.01052 0.0007784
-0.0007784 0.0002044 0.007205 0.01483 0.0004016
0.001489 -0.001807 0.01032 0.001491 0.0003134
0.008780 0.0007316 -0.00002837 0.01488 0.0003379
0.002123 0.003847 0.003506 0.003875 0.0001185
0.001761 0.0001892 0.009341 0.009756 0.0004755
0.001552 -0.0005538 0.008099 0.02053 -0.00001116
-0.002356 -0.0007145 0.01286 0.02491 -0.0005528
-0.005120 0.001524 0.003266 0.02416 -0.0002506
0.002871 0.0002300 0.001401 0.01040 -0.0004458
0.00008290 0.002806 0.007679 0.01183 -0.0006887
0.001191 0.0007745 0.006507 0.009776 0.0002870
0.001801 0.004119 0.006926 -0.0008978 0.00008965
0.001768 0.0006422 0.03314 0.009539 -0.00004527
-0.002098 0.0004035 0.007755 0.01215 -0.0008614
0.001136 -0.0008633 0.007855 0.01943 -0.001544
0.0005725 0.0001685 0.07185 0.2677 0.0006710
0.003503 -0.0005775 5.023 63.78 0.2171
0.005881 -0.00005622 0.07615 0.06881 0.05395
-0.002320 0.001882 0.02765 0.1605 -0.001778
-0.003589 0.003554 0.06891 0.09522 0.00009258
-0.003577 0.001384 0.02000 0.1255 -0.0005851
-0.001159 -0.004192 0.3191 1.784 0.003449
0.008563 -0.003634 0.2578 0.2734 -0.0003794
0.006245 0.001896 0.1080 0.2486 0.0003681
-0.002321 -0.001436 1.346 7.060 0.002029
0.03164 0.01551 424.0 4795 0.3567
0.002624 0.0003874 0.2006 0.2129 -0.0001165
0.003913 -0.0008731 0.2517 1.017 -0.001587
-0.008816 -0.001264 0.03182 0.08324 -0.001176





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
BK025-C1-S1 Arsenian pyrite 0.0 101.1 1325 3.999E+05 672.4 12.87 76.81 2.984 14.23 4.650E+05 15.31 44.65 201.3 1052 215400 13.39
BK025-C1-S2 Arsenian pyrite 0.0 118.0 1413 3.936E+05 823.4 -0.05988 204.1 4.329 11.53 4.650E+05 5.296 16.59 96.71 558.4 252900 14.86
BK025-C1-S3 Arsenian pyrite 0.0 245.1 2725 3.634E+05 1527 27.01 192.1 5.834 96.33 4.650E+05 3.302 6.858 2227 8090 209000 16.35
BK025-C1-S4 Arsenian pyrite 0.0 102.1 83.44 5.076E+05 10.73 32.61 54.88 0.4239 77.42 4.650E+05 74.72 37.61 26.26 2390 7712 3.495
BK025-C1-S5 Arsenian pyrite 0.0 182.8 2158 4.317E+05 1213 82.65 185.7 4.326 7.739 4.650E+05 3.391 5.706 9.986 53.76 233000 17.12
BK025-C1-S6 Arsenian pyrite 0.0 62.69 575.6 3.712E+05 334.7 33.33 272.4 3.588 4.580 4.650E+05 126.7 154.6 7.877 6.311 209500 16.98
BK025-C1-S7 Arsenian pyrite 0.0 47.23 365.0 3.894E+05 227.2 140.8 280.0 4.115 33.27 4.650E+05 2041 824.8 2053 60.86 223200 19.35
BK025-C1-S8 Arsenian pyrite 0.0 0.5524 9.179 3.548E+05 8.640 -0.6513 16.39 0.1714 0.3435 4.650E+05 1.163 5.279 5.641 10.78 199900 13.69
BK025-C1-S9 Arsenian pyrite 0.0 19.80 290.1 3.823E+05 118.2 -18.13 14.77 1.271 3.262 4.650E+05 7.299 12.42 565.1 209.5 216300 17.07
BK025-C1-S10 Arsenian pyrite 0.0 3.512 85.25 3.641E+05 25.03 15.97 72.62 0.4404 4.347 4.650E+05 5.619 12.48 1218 159.0 219900 17.55
BK025-C1-S11 Arsenian pyrite 0.0 27.09 400.3 3.655E+05 188.6 43.99 82.53 1.154 4.385 4.650E+05 3.996 6.427 1002 205.5 192400 14.36
BK025-C1-S12 Arsenian pyrite 0.0 164.2 2049 3.841E+05 1151 20.18 588.7 5.474 21.23 4.650E+05 3.545 7.566 11620 844.9 242600 25.06
BK025-C1-S13 Arsenian pyrite 0.0 18.20 185.6 3.712E+05 93.05 -12.19 11.79 0.5480 3.067 4.650E+05 1.512 3.027 502.3 127.7 221500 16.96
BK025-C1-S14 Arsenian pyrite 0.0 30.21 400.2 3.681E+05 195.7 33.50 177.0 1.762 7.409 4.650E+05 4.079 5.471 2091 300.9 210600 18.49
BK025-C1-S15 Arsenian pyrite 0.0 267.6 3029 3.684E+05 1900 3016 3623 11.23 19.16 4.650E+05 518.9 78.51 29.91 142.2 189500 12.11
BK104-C1-S1 Arsenian pyrite 361.5 221.5 1444 6.582E+05 608.2 -38.07 7.850 1.018 5.987 4.650E+05 2.746 82.43 266.6 2134 6564 50.52
BK104-C1-S2 Arsenian pyrite 361.5 86.81 539.7 5.135E+05 218.6 -2.189 4.308 0.9989 2.786 4.650E+05 7.042 32.21 265.6 75.06 188500 29.39
BK104-C1-S3 Arsenian pyrite 361.5 59.24 736.0 5.663E+05 269.4 -15.70 2.866 0.06941 1.042 4.650E+05 3.070 10.09 27.93 137.8 5248 10.52
BK104-C1-S4 Arsenian pyrite 361.5 129.1 1065 5.821E+05 340.7 14.66 6.134 0.4054 7.070 4.650E+05 3.412 22.28 170.3 1532 6536 14.13
BK104-C1-S5 Arsenian pyrite 361.5 2.922 12.54 5.308E+05 6.866 -35.44 2.645 -0.01249 2.222 4.650E+05 0.8280 8.371 103.1 957.4 5716 13.31
BK104-C1-S6 Arsenian pyrite 361.5 0.6084 4.478 4.990E+05 0.08196 -19.88 0.4670 -0.03155 0.07614 4.650E+05 0.2632 0.2019 31.42 9.825 4244 10.54
BK104-C1-S7 Arsenian pyrite 361.5 4.164 4.191 5.109E+05 3.553 37.90 0.8199 -0.02438 0.9491 4.650E+05 4.257 17.87 41.50 16.04 4543 5.923
BK104-C1-S10 Arsenian pyrite 361.5 225.3 345.4 5.633E+05 64.45 442.9 1.612 1.435 49.38 4.650E+05 7.163 40.39 73.48 136.0 14470 12.46
BK104-C1-S11 Arsenian pyrite 361.5 213.2 1493 5.449E+05 594.2 -43.95 7.874 1.340 8.674 4.650E+05 3.256 18.89 52.37 435.6 2585 6.779
BK104-C1-S12 Arsenian pyrite 361.5 757.7 12880 8.654E+05 4409 1076 40.38 4.382 62.68 4.650E+05 1.152 18.46 230.9 1510 4730 14.33
BK104-C1-S13 Arsenian pyrite 361.5 5.717 3.882 5.262E+05 4.461 33.41 4.311 0.4111 2.034 4.650E+05 22.73 4.069 19.06 0.6216 1035 18.89
BK104-C1-S14 Arsenian pyrite 361.5 125.4 103.2 5.036E+05 73.40 39.74 1.240 0.2324 7.350 4.650E+05 37.08 1.617 61.86 14.60 676.2 20.76
BK102-C1-S2 Pyrite 890.8 -0.8330 -0.07926 5.255E+05 2.602 29.78 0.4990 0.4694 0.002790 4.650E+05 440.8 45.46 0.3401 0.1577 1.328 38.62
BK102-C1-S3 Pyrite 890.8 -0.5410 0.1350 5.187E+05 1.465 42.56 0.6457 -0.02997 0.07356 4.650E+05 161.9 24.32 0.4372 0.3524 2.300 48.10
BK102-C1-S4 Pyrite 890.8 0.1020 -0.2518 5.339E+05 0.4577 20.50 0.01207 0.4068 -0.09788 4.650E+05 407.6 66.61 0.4475 0.2445 1.547 46.51
BK102-C1-S5 Pyrite 890.8 0.7975 1.517 5.193E+05 -0.5956 31.84 0.3018 -0.1023 -0.03016 4.650E+05 210.4 112.3 0.9367 0.2466 0.5778 30.78
BK102-C1-S6 Pyrite 890.8 -0.5825 -0.2048 5.112E+05 0.3886 36.28 0.6613 0.6619 -0.01374 4.650E+05 226.5 112.8 0.7858 0.01805 0.8316 29.40
BK102-C1-S7 Pyrite 890.8 0.5734 -0.2030 5.215E+05 -0.5397 -54.67 0.4178 0.5308 -0.05038 4.650E+05 278.5 83.27 0.1909 0.2650 0.6823 26.31
BK102-C1-S8 Pyrite 890.8 -0.1906 0.05357 5.217E+05 -2.781 18.36 0.8618 0.3233 0.07916 4.650E+05 1210 135.7 0.3196 0.1943 1.725 31.44
BK102-C1-S10 Pyrite 890.8 -0.6590 -0.3862 5.273E+05 0.9062 -43.02 0.4857 0.08562 -0.04910 4.650E+05 703.6 74.38 0.3344 0.2153 2.182 44.19
BK102-C1-S11 Pyrite 890.8 0.1765 -0.08595 5.167E+05 -0.2299 2.460 0.8393 -0.2820 -0.003720 4.650E+05 550.7 55.51 0.1213 0.1523 2.497 42.01
BK102-C1-S12 Pyrite 890.8 -0.06804 -0.4909 5.077E+05 0.1219 10.39 0.4215 0.03944 -0.05611 4.650E+05 208.1 67.16 0.3707 0.2882 1.764 29.83
BK102-C1-S13 Pyrite 890.8 0.4558 -0.2150 4.950E+05 -2.476 -44.76 0.5406 0.02781 -0.007882 4.650E+05 399.6 51.79 0.4316 0.1556 1.637 31.98
BK102-C1-S14 Pyrite 890.8 0.2294 -0.7305 5.302E+05 0.9538 -8.285 0.5247 0.1323 -0.03018 4.650E+05 398.5 52.96 0.3018 0.1292 2.177 42.88
BK102-C1-S15 Pyrite 890.8 0.2552 0.9750 5.173E+05 2.831 -4.264 0.3051 -0.2109 0.1291 4.650E+05 316.0 37.89 2.501 0.3635 1.799 38.76
BK59-C1-S1 Pyrite 2339.0 -0.09695 0.2765 5.177E+05 1.067 -12.48 0.5972 0.1348 0.01327 4.650E+05 1.380 220.5 0.4954 0.2004 6.370 71.84
BK59-C1-S2 Pyrite 2339.0 0.5401 0.08271 5.060E+05 -2.726 62.00 0.07218 -0.3146 0.001737 4.650E+05 2.838 211.4 0.4767 0.02966 1.092 54.33





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit
** All elements in ppm except Au which is in ppb
Sample Sample type
Distance* 
(m) Mg24 Al27 S34 K39 Ca43 Ti49 Cr53 Mn55 Fe57 Co59 Ni60 Cu65 Zn66 As75 Se77
BK59-C1-S4 Pyrite 2339.0 0.9769 -1.190 4.804E+05 -2.005 4.555 1.198 -0.07928 -0.002194 4.650E+05 5.378 515.0 0.5007 0.2234 1.612 55.38
BK59-C1-S5 Pyrite 2339.0 1.725 12.31 5.018E+05 13.10 -0.6302 6.072 0.03256 0.09964 4.650E+05 3.582 247.1 2.125 0.4037 6.081 73.44
BK59-C1-S6 Pyrite 2339.0 -0.03433 1.277 4.988E+05 -3.920 108.2 0.2712 -0.04004 -0.03329 4.650E+05 150.5 186.0 0.1801 0.3547 4.100 49.22
BK59-C1-S7 Pyrite 2339.0 0.7914 3.030 4.858E+05 1.681 -32.66 0.7234 0.1532 -0.01029 4.650E+05 66.24 89.65 1.340 0.3054 2.249 56.11
BK59-C1-S8 Pyrite 2339.0 0.07189 -0.4182 4.844E+05 -4.750 26.10 1.527 0.3060 0.03475 4.650E+05 147.3 321.0 0.4854 0.002347 1.274 43.25
BK59-C1-S9 Pyrite 2339.0 -0.2781 1.784 4.865E+05 -4.250 14.48 0.3236 0.1035 0.02725 4.650E+05 117.6 161.2 0.1440 0.2851 2.109 63.45
BK59-C1-S10 Pyrite 2339.0 1.000 3.052 5.136E+05 1.818 33.22 0.3286 -0.06139 -0.01237 4.650E+05 92.46 125.9 0.2470 0.07215 2.009 61.39
BK59-C1-S12 Pyrite 2339.0 -0.1959 -0.07543 4.914E+05 7.677 7.959 0.6377 0.09695 0.8640 4.650E+05 117.0 156.3 1.500 1.300 37.85 57.35
BK59-C1-S13 Pyrite 2339.0 0.5370 3.137 4.791E+05 -1.817 -51.42 0.1127 -0.008946 -0.06078 4.650E+05 76.16 105.1 0.1890 0.1762 2.074 57.41
BK59-C1-S15 Pyrite 2339.0 0.5251 -0.5407 5.207E+05 -5.742 15.69 0.3868 -0.04679 0.01355 4.650E+05 163.1 239.2 0.1775 0.02295 1.771 64.09
BK28-C1-S1 Pyrite 778.0 0.3667 -0.1420 5.191E+05 5.503 17.88 0.4137 0.005655 0.09995 4.650E+05 25.45 307.8 0.07816 0.1358 403.2 29.99
BK28-C1-S2 Pyrite 778.0 0.4890 0.9686 4.887E+05 0.9782 -19.75 -0.05715 -0.1013 0.09010 4.650E+05 17.32 690.4 -0.01282 -0.08103 1002 33.84
BK28-C1-S7 Pyrite 778.0 -0.2758 0.5057 5.000E+05 2.252 35.11 0.9304 0.2830 0.1071 4.650E+05 13.86 128.4 9.542 0.3174 519.9 31.05





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK025-C1-S1 Arsenian pyrite 0.0
BK025-C1-S2 Arsenian pyrite 0.0
BK025-C1-S3 Arsenian pyrite 0.0
BK025-C1-S4 Arsenian pyrite 0.0
BK025-C1-S5 Arsenian pyrite 0.0
BK025-C1-S6 Arsenian pyrite 0.0
BK025-C1-S7 Arsenian pyrite 0.0
BK025-C1-S8 Arsenian pyrite 0.0
BK025-C1-S9 Arsenian pyrite 0.0
BK025-C1-S10 Arsenian pyrite 0.0
BK025-C1-S11 Arsenian pyrite 0.0
BK025-C1-S12 Arsenian pyrite 0.0
BK025-C1-S13 Arsenian pyrite 0.0
BK025-C1-S14 Arsenian pyrite 0.0
BK025-C1-S15 Arsenian pyrite 0.0
BK104-C1-S1 Arsenian pyrite 361.5
BK104-C1-S2 Arsenian pyrite 361.5
BK104-C1-S3 Arsenian pyrite 361.5
BK104-C1-S4 Arsenian pyrite 361.5
BK104-C1-S5 Arsenian pyrite 361.5
BK104-C1-S6 Arsenian pyrite 361.5
BK104-C1-S7 Arsenian pyrite 361.5
BK104-C1-S10 Arsenian pyrite 361.5
BK104-C1-S11 Arsenian pyrite 361.5
BK104-C1-S12 Arsenian pyrite 361.5
BK104-C1-S13 Arsenian pyrite 361.5

















Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182
40.58 0.5280 8.657 25.81 15.17 1406 13.28 2.929 0.06653 0.9995 0.03015 2.083
36.54 0.3684 12.51 13.89 25.70 1445 15.27 3.070 0.03373 0.9318 0.05937 6.107
981.6 0.6110 20.33 99.20 137.5 2762 16.65 10.16 16.30 20.48 0.05181 4.691
9.932 0.01878 3.647 28.20 8.129 10.11 0.1352 0.04216 0.02375 0.2250 0.008505 0.5684
5.533 0.04650 3.986 3.833 9.647 428.5 7.430 7.853 0.03359 0.1375 0.03944 0.9076
12.16 0.06376 1.384 1.037 1.939 400.3 24.11 1.773 0.03246 0.3490 0.06347 3.157
4.472 0.02074 189.8 2.310 37.17 570.3 9.062 0.9034 0.01721 0.1086 0.06880 1.744
0.6369 0.05163 2.597 1.439 0.9092 619.3 12.61 0.1923 0.008736 0.006306 0.0002128 0.1770
8.799 0.1812 14.65 2.522 2.462 725.8 12.15 0.8142 0.01351 0.2828 0.001875 0.1792
60.51 0.1886 16.59 2.236 1.632 742.3 15.18 0.1685 0.01253 1.870 0.02092 1.201
20.38 0.2990 12.88 2.831 3.339 913.8 11.74 1.163 0.001576 0.5832 0.03411 1.369
37.37 0.4680 47.49 13.62 32.78 1996 24.67 5.526 0.09070 0.9046 0.1515 11.50
1.488 0.1853 11.88 1.488 2.922 807.1 20.56 0.5812 0.007866 0.04899 0.002427 0.06211
146.4 0.2729 34.83 3.942 3.039 984.8 24.13 1.133 0.1207 4.180 0.1241 2.183
111.1 0.08653 14.11 1.356 17.09 510.4 4.494 11.49 5.168 3.539 0.4717 3.735
1.349 0.8846 91.32 28.49 24.54 12850 2.862 11.05 0.01018 0.04489 0.009900 0.05259
0.3312 4.118 121.0 2.900 29.19 2489 40.45 3.936 0.009428 0.008801 0.0008160 0.03949
0.2593 1.144 7.798 2.515 1.937 52.86 0.4158 12.79 0.01234 0.005253 0.001338 0.02714
0.1714 0.5034 198.2 18.72 3.610 826.2 0.5252 4.885 0.004502 0.006735 0.002981 0.02267
0.006771 0.04679 88.04 11.93 4.556 284.4 0.5760 0.1848 0.008449 -0.002849 0.0004431 -0.004754
-0.001312 0.008983 1.468 0.1241 0.09781 6.674 0.5098 0.03357 0.0007008 -0.0001955 -0.0001655 -0.002446
0.01524 0.05130 16.73 0.3150 2.716 59.39 0.3662 0.1354 0.02016 0.006059 0.0002915 -0.006508
0.1723 0.7104 69.77 2.030 0.8905 513.9 4.395 3.582 0.02077 0.002786 0.006550 0.9913
0.1455 0.7287 50.39 5.140 2.055 289.2 0.3403 6.933 -0.0009521 0.003806 0.005641 0.06457
5.328 3.539 300.3 28.11 12.79 4705 -0.8322 512.0 0.1330 0.09913 0.01196 0.3715
0.2634 0.1958 6.812 0.02329 0.2330 72.44 0.05747 0.03776 0.004394 0.002764 0.001237 0.1142
1.577 0.03652 17.82 1.876 0.5749 257.9 0.1929 0.6629 0.01832 0.04363 0.002784 0.01831
0.001913 0.005877 0.03911 0.02229 0.3937 0.01511 0.02517 0.01916 -0.003331 0.003329 0.0002600 0.0003361
0.002832 0.002475 0.1080 -0.01988 0.3760 0.02154 0.1649 0.005890 -0.003058 0.001591 0.0003234 -0.0005159
0.006639 -0.004352 0.01622 0.008332 0.3937 0.01065 0.2907 -0.006534 -0.0009681 0.0002432 0.00007842 -0.0006738
0.004791 0.009503 0.03334 0.01675 0.3845 0.02307 0.07473 0.0003452 0.003805 -0.0005968 0.001369 -0.002020
0.0001275 0.004407 0.01902 0.02651 0.3768 0.03917 0.06212 -0.002348 -0.001585 0.0008236 -0.0001615 0.004616
0.001082 -0.0008630 0.03761 -0.03991 0.3607 0.01307 0.1544 -0.01219 -0.002871 0.0001052 -0.0001920 0.003436
0.004835 0.009475 0.02304 0.01500 0.3724 0.01327 0.03806 0.009607 0.006483 -0.003406 -0.001046 -0.002068
-0.001084 0.005383 0.06546 -0.01958 0.3993 0.005931 0.1211 -0.006629 -0.004473 -0.004688 -0.001300 0.001383
0.004171 0.004177 0.03255 -0.02131 0.3607 0.02537 0.06510 0.01625 -0.004768 -0.0006098 -0.0007273 -0.004699
-0.001417 0.01909 0.05137 -0.02989 0.3823 0.03846 0.03073 0.09253 0.002099 0.0007000 -0.0001921 0.004408
-0.001405 0.001160 0.07348 0.01201 0.3156 0.1969 0.04700 0.005592 -0.003199 -0.0006659 -0.0008450 -0.0007093
0.004409 -0.005913 0.04584 0.01518 0.3833 0.01297 0.2596 -0.01434 -0.004419 0.005817 -0.0001213 -0.002811
0.003103 0.002969 0.1957 0.001283 0.3469 0.05781 0.1171 -0.007224 -0.001547 -0.001395 -0.0004821 -0.0004085
0.0008185 0.006970 0.01661 -0.03620 0.3185 0.2819 0.09077 0.002292 -0.004244 -0.001313 -0.0001985 0.02460
0.001936 -0.009512 0.0002968 0.004879 0.3279 0.02937 0.1172 0.006718 0.002618 -0.001259 -0.002039 0.009409





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit


















Zr90 Mo95 Ag107 Cd111 Sn118 Sb121 Te125 Ba137 Gd157 Hf178 Ta181 W182
-0.001474 0.001985 -0.007369 -0.03094 0.3565 0.05444 -0.03567 -0.008253 -0.002777 -0.007543 -0.0004070 -0.008161
0.01283 0.009385 0.01454 -0.003246 0.5381 0.1961 0.2439 0.09136 -0.008930 0.004727 0.002753 0.01386
-0.003093 -0.005881 0.01355 0.01379 0.4097 0.06751 0.1615 -0.009933 -0.005824 0.000 -0.0004261 -0.0004177
0.0006346 0.01215 0.008047 -0.002408 0.3898 0.1222 0.08984 -0.005653 -0.002932 0.002258 -0.0004287 0.004862
0.002591 -0.0008463 0.0001761 0.01116 0.3730 0.01596 0.09744 0.01151 0.000 -0.002582 0.000 0.009471
0.002006 -0.01664 0.02987 -0.003208 0.3716 0.07625 0.2276 -0.008641 0.007550 -0.003931 0.001950 0.008301
0.002185 0.02007 -0.007856 -0.008716 0.4950 0.01886 0.04479 0.03011 0.0004742 0.001747 0.0003343 0.003095
-0.0005196 -0.002583 4.175 0.02608 0.3846 0.5660 1.628 0.08185 -0.001395 0.003080 -0.0008737 0.004837
-0.0004478 0.005150 0.001627 0.01097 0.2942 0.1782 0.02091 -0.005482 -0.005681 -0.001657 0.0001683 -0.0004043
0.005498 -0.01861 0.006494 0.01563 0.4028 0.005173 0.1445 -0.009057 0.01179 -0.001219 0.0007342 -0.003610
-0.002326 0.004455 0.02237 -0.006251 0.3748 0.01745 -0.03624 -0.01777 0.02088 -0.006812 -0.0003293 -0.004188
0.006258 -0.01272 -0.005665 -0.02246 0.3036 0.03087 -0.007556 -0.008342 0.000 -0.001145 -0.0004068 0.005754
0.004843 1.201 0.08995 -0.03921 0.3046 0.02522 -0.1142 0.1110 -0.002585 -0.001282 0.0004891 0.004472





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit




BK025-C1-S1 Arsenian pyrite 0.0
BK025-C1-S2 Arsenian pyrite 0.0
BK025-C1-S3 Arsenian pyrite 0.0
BK025-C1-S4 Arsenian pyrite 0.0
BK025-C1-S5 Arsenian pyrite 0.0
BK025-C1-S6 Arsenian pyrite 0.0
BK025-C1-S7 Arsenian pyrite 0.0
BK025-C1-S8 Arsenian pyrite 0.0
BK025-C1-S9 Arsenian pyrite 0.0
BK025-C1-S10 Arsenian pyrite 0.0
BK025-C1-S11 Arsenian pyrite 0.0
BK025-C1-S12 Arsenian pyrite 0.0
BK025-C1-S13 Arsenian pyrite 0.0
BK025-C1-S14 Arsenian pyrite 0.0
BK025-C1-S15 Arsenian pyrite 0.0
BK104-C1-S1 Arsenian pyrite 361.5
BK104-C1-S2 Arsenian pyrite 361.5
BK104-C1-S3 Arsenian pyrite 361.5
BK104-C1-S4 Arsenian pyrite 361.5
BK104-C1-S5 Arsenian pyrite 361.5
BK104-C1-S6 Arsenian pyrite 361.5
BK104-C1-S7 Arsenian pyrite 361.5
BK104-C1-S10 Arsenian pyrite 361.5
BK104-C1-S11 Arsenian pyrite 361.5
BK104-C1-S12 Arsenian pyrite 361.5
BK104-C1-S13 Arsenian pyrite 361.5

















Pt195 Au197** Tl205 Pb208 Bi209 U238
-0.0002380 32.36 0.2214 279.7 0.04268 2.046
0.003352 38.00 0.4088 175.7 0.1268 0.7395
0.002669 36.19 1.841 383.7 0.1467 2.789
-0.0004278 16.13 0.02171 24.36 0.3024 0.1198
-0.002242 26.26 0.1537 64.55 0.04871 0.2236
0.001315 46.68 0.04513 11.40 0.01138 0.3637
-0.002936 139.1 0.09991 54.93 0.03642 0.09170
-0.002742 17.83 0.03833 33.33 0.02174 0.05613
-0.006273 52.76 0.2128 40.70 0.1504 0.1659
0.001678 40.19 0.2440 42.20 0.1874 0.4730
-0.002361 43.51 0.3044 51.16 0.1738 0.3446
-0.003727 48.54 1.094 91.98 0.3286 3.217
-0.003963 39.94 0.2120 34.01 0.1862 0.05130
-0.0004409 44.08 0.5535 195.3 0.5220 2.645
0.005536 30.94 0.2320 26.49 0.6682 2.149
0.0007509 5.836 5.309 17980 47.61 0.06849
-0.001116 29.55 5.813 4522 4.533 0.01106
0.001690 4.616 0.1452 56.77 0.1986 0.01869
0.0001005 10.65 7.295 439.6 0.6013 0.02190
-0.004129 13.09 4.064 495.4 1.114 -0.00002480
-0.003745 9.044 0.04272 7.535 0.01813 0.0006906
0.0009623 3.154 0.3058 97.26 0.4944 0.003360
-0.0006373 11.46 38.79 149.6 0.3310 0.02110
0.004582 2.089 4.142 152.0 0.2833 0.01205
0.02412 1.207 7.238 5991 7.735 0.4150
-0.001804 0.5998 0.06203 112.2 0.2426 0.006644
-0.007113 0.6432 0.6129 256.0 0.5269 0.09051
-0.00004620 0.001251 0.001971 0.01267 0.01118 0.0008346
0.0008623 0.003560 -0.0006456 0.008753 0.01711 0.0002973
0.001051 -0.006493 -0.003780 0.007793 0.03257 -0.001061
-0.001102 0.002550 -0.0003938 0.005896 0.01108 0.0002204
0.003974 0.0006489 -0.0003963 0.004073 0.01297 0.0001893
-0.001622 0.005822 -0.0004649 0.003882 0.008402 0.0004516
-0.003376 0.0001643 0.001887 0.03406 0.03560 0.0003784
-0.002370 -0.004734 -0.001468 0.01648 0.02500 -0.00008730
0.0001395 0.002706 0.0003900 0.03094 0.006300 0.003883
0.001358 0.00007051 0.001206 0.006644 0.01392 0.0004280
-0.0004297 -0.0006903 0.002489 0.1056 0.1826 0.0006895
-0.001214 0.003168 -0.001784 -0.0008518 0.009401 0.0005506
-0.001593 0.004549 0.001043 0.02259 0.01755 0.008699
0.003418 0.008091 0.0008796 0.7612 0.008396 -0.00008850
0.004069 -0.001973 0.0006949 0.02734 0.005206 -0.0004358





pyrite mineral chemistry by LA-ICP-MS
* distance from center of deposit


















Pt195 Au197** Tl205 Pb208 Bi209 U238
-0.001141 -0.004581 0.004779 0.01285 0.03378 -0.0002730
0.001329 0.003640 -0.0003006 0.06612 0.04984 0.001381
-0.001456 0.006788 -0.003823 0.001279 0.3131 -0.0009463
0.002859 -0.00004438 0.002497 0.1308 0.08004 -0.001173
-0.004722 0.0007223 -0.001536 0.6144 0.01412 -0.0007097
-0.00009049 0.004384 -0.001476 0.01967 0.03695 -0.0003713
-0.002372 -0.00001617 -0.002806 0.01274 0.01049 -0.001240
-0.003425 0.04138 0.01018 132.5 20.60 0.0004383
-0.004853 0.0009370 0.001812 0.1373 0.2633 -0.0004869
0.002819 -0.002185 0.001344 0.02087 0.03716 0.0004086
-0.005583 -0.0001820 0.004545 0.03091 0.008317 0.001140
0.001084 -0.002041 -0.002364 0.07991 0.0007412 0.0002644
-0.002521 0.003905 0.0001001 0.01360 0.0005225 0.005809
0.04310 0.002309 -0.0005787 0.01273 0.02867 0.01049
3
2
1
